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Abstract. We investigate the control of electronic energy transfer in molecular dimers 
through the preparation of specific vibrational coherences prior to electronic excitation, 
and its observation by nonlinear wave-packet interferometry. Laser-driven coherent 
nuclear motion can affect the instantaneous resonance between site-excited electronic 
states and thereby influence short- time electronic excitation transfer (EET). We first 
illustrate this control mechanism with calculations on a dimer whose constituent 
monomers undergo harmonic vibrations. We then consider the use of nonlineeir wave- 
packet interferometry (nl-WPI) experiments to monitor the nuclear dynamics 
accompanying EET in general dimer complexes following impulsive vibrational 
excitation by a sub-resonant control pulse (or control pulse sequence). In measurements 
of this kind, two pairs of poleirized phase-related femtosecond pulses following the 
control pulse generate superpositions of coherent nuclear wave packets in optically 
accessible electronic states. Interference contributions to the time- and frequency- 
integrated fluorescence signal due to overlaps among the superposed wave packets 
provide amplitude-level information on the nuclear and electronic dynamics. We derive 
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the basic expression for a control-pulse-dependent nl-WPI signal. The electronic 
transition moments of the constituent monomers are assumed to have a fixed relative 
orientation, while the overall orientation of the complex is distributed isotropically. We 
include the limiting case of coincident arrival by pulses within each phase-related pair in 
which control-influenced nl-WPI reduces to a fluorescence-detected pump-probe 
difference experiment. Numerical calculations of pump-probe signals based on these 
theoretical expressions are presented in the following paper [J. D. Biggs and J. A. Cina, J. 
Chem. Phys. xxx]. 

1. INTRODUCTION 

Careful selection of the initial vibrational wave function can dramatically 
influence excited state dynamics when nuclear motion takes place either on multiple 
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potential surfaces • ■ ' ' ' or on a single adiabatic potential. ' By controlling the initial 
state, and thus the subsequent evolution, surface-crossing transitions can, in particular, be 
hastened or curtailed. Here we propose a method to control the flow of electronic 
excitation energy (high energy quanta) between coupled chromophores using vibrational 
motion (low energy quanta). Coherent nuclear motion, imparted by infrared absorption or 
impulsive stimulated Raman scattering (iSRS)''''^'^^''^''^'^^'^^'^^''^''^ in the electronic 
ground state, acts to influence the instantaneous local resonance between subsequently 
populated site-excited states and hence the time-course of the surface-crossing transitions 
corresponding to energy transfer. 

To set the stage for theoretical and experimental investigations of this general 
control strategy, we derive expressions for the fluorescence-detected nonlinear wave- 
packet interferometry (nl-WPI) signal from a vibrationally excited sample of isotropically 
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oriented energy-transfer dimers of fixed internal geometry. The signal expressions £ire 
parametrized by the relevant nuclear Hamiltonians, and should be valid for systems with 
weak to moderate coupling between site-excited states. 

Our basic approach is the common one of describing the molecular system and its 
environment quantum mechanically, while the laser fields are taken to be classical 
electromagnetic waves whose interaction with the active chromophores is treated 
perturbatively. The control processes of interest are most easily visualized in terms of 
externally driven or freely evolving nuclear wave packets undergoing transfer between 
different electronic potential energy surfaces under the influence of resonant light pulses 
or spatially localized EET surface-crossings. The measured quantities are naturally 
expressed as quantum mechanical overlaps between superposed wave packets that have 
undergone different sequences of transitions in state space. For these reasons, we find it 
convenient to organize our calculations in terms of sums over the contributing wave- 
packet overlaps, each one of which involves a unique sequence of pulse-induced 
propagation events, free-evolution intervals on a single electronic potential-energy 
surface, and surface-crossing electronic transitions. The results of our analysis could, 
however, readily be transcribed to the widely used and formally equivalent notation of 
time-dependent nonlinear optical response functions, the various contributions to which 
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are often pictured in terms of bra- and ket-sided time diagrams. ' ' ' 

A. Control Scheme 

Electronic excitation transfer (EET) involves the intermolecular or intramolecular 
redistribution of electronic excitation and competes with other relaxation mechanisms 
available to the system, such as fluorescence or radiationless decay. Li naturd 
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photosynthetic systems, the efficiency of EET ensures that the absorbed photon energy is 
preferentially funnelled towards a reaction center, where it is converted to chemical 
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energy that can be stored for future use. ' ' The roles of nuclear motion and molecular 
structure in these large EET complexes have been the subject of several recent 
investigations. ' ' Li this subsection, we discuss how the interplay between vibrational 
and energy-transfer dynamics brought to light by recent work suggests the use of low- 
frequency vibrational dynamics to influence higher-frequency electronic excitation- 
transfer djTiamics. 

A recent theoretical study viewing EET in molecular dimers as an electronic 
potential energy surface-crossing process,^^' showed that the vibrational 

coherence transfer that naturally accompanies electronic excitation transfer can give rise 
to quantum beats in time-resolved polarized emission spectra that are in-phase between 
parallel and perpendicular emission channels, as had been observed in the LH-1 antenna 
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of photosynthetic bacteria. ' ' Those calculations on a model complex composed of 
two identical chromophores, each supporting a single harmonic vibrational mode, 
demonstrated that vibrational coherence transfer is a consequence of the nuclear motion 
resulting from short-pulse excitation to the Franck-Condon point of a site-excited state 
(the donor-excited state). The periodic return of this localized wave packet to the surface- 
crossing seam (q^ = q^), where amplitude can be transferred to the acceptor-excited state, 
results in a stepwise decrease in donor population (see Fig. 1 - solid line) and a 
concomitant transfer of vibrational coherence to the acceptor-excited state. It was shown 
in Ref. 30 that the resulting coordinated nuclear motion in donor- and acceptor-excited 
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states is manifested by in-phase quantum beats in the polarized pump-probe signals 
similar to those observed experimentally. 
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FIG. 1. Top Panel: Initial trajectories of wave packets launched impulsively to the donor-excited electronic 
state (shown as elongated ovals for clarity) overlaying contour plots for the harmonic surfaces of two site- 
excited states, each of which is displaced by d from the ground state potential minimum along the 
appropriate nuclear coordinate. Bottom Panel: Population P\{t) of the donor-excited state for the wave 
packets whose initial trajectories are shown in the top panel; in this simulation any population lost by the 
donor is gained by the acceptor and vice versa. Shown are the cases in which the wave packet prior to 
electronic excitation is the vibrational ground state (solid line) or a coherent state executing harmonic 
motion along the acceptor vibrational coordinate (dashed line). 

This picture of coherent wave-packet motion accompanying energy transfer 
suggests a method for controlling the short-time dynamics of energy transfer. If the 
nuclear wave packet is displaced from the minimum of the ground-state potential along 
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the acceptor vibrational coordinate at the instant of resonant donor excitation (as shown 
by the dashed trace in the top panel of Fig. 1), then the trajectory of the photo-excited 
wave packet avoids the intersection between the two site-excited potential surfaces, 
which should significantly curtail short-time EET. We envisage the use of ISRS or 
coherent infrared absorption to generate this coherent nuclear displacement in the 
electronic ground state. 

A numerical test calculation using the same model system as Ref. 30 shows how 
this kind of nuclear displacement prior to electronic excitation can alter the ensuing EET. 
In these simulations, the initial expectation values of the nuclear coordinates are set to 
(^^) = and (^q^) = -d at the instant when the system is promoted to the donor-excited 

state (whose potential-energy minimum is at (^o,^^) = (<i,0) ). The effect on the EET 

dynamics of this non-stationary initial state is visible in the evolving population of the 
donor-excited state (bottom panel of Fig. 1). Following a vertical transition from the 
equilibrium geometry at time zero (solid line), EET proceeds in a stepwise fashion, as the 
local transition energies for the donor-excited —> ground and acceptor-excited <— ground 
electronic transitions coincide whenever t = Ijtn 1 0) (where CO is the vibrational 
frequency). When the initial nuclear wave function is the displaced state (dashed line) 
on the other hand, the short-time population transfer occurs more slowly and at a steadier 
rate. 

B. nl-WPI and pump-probe observations of vibrational control over EET 

The demonstration calculation of Fig. 1 shows that vibrational control can be 
exerted over EET and motivates our two main goals of outlining a framework for the 
spectroscopic study of this process (in this paper) and beginning its detailed numerical 
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simulation (in the following paper). In a WPI experiment, the system is subjected to one 
or more pairs of phase-locked (or phase-modulated) ultra-short laser pulses resonant with 
electronic transitions in the system, and the fluorescence (or some other observable 
indicative of excited-state population) is measured as a function of the various interpulse 

36 37 38 39 40 41 

delays. • • • > • By cycling the intrapulse-pair phase differences or detecting the 
third-order signal field traveling in a particular phase-matched direction, it is sometimes 
possible to isolate the complex-valued overlap of a target wave packet prepared by one 
pulse in the sequence with a collection of reference wave packets prepared by the others. 

studies have addressed the application of WPI and the broader methods of 
multidimensional phase-coherent electronic spectroscopy to a variety of molecular 
systems. By providing amplitude-level information on nuclear wave packets as they 
evolve following electronic excitation, wave-packet interferometry should, in particular, 
provide uniquely detailed records of the nuclear dynamics accompanying surface- 
crossing processes such as electronic excitation transfer. 

Below, we derive the basic expressions for the nl-WPI signal from a sample of 
isotropically oriented EET dimers following prior vibrational excitation through ISRS by 
a pre-resonant control pulse. Ideally, the target wave packet — the alteration of whose 
dynamics by control-pulse-induced vibrational motion we wish to monitor — would be 
prepared by one of the pulses in the first pulse-pair of the four-pulse WPI sequence, while 
the remaining WPI pulses would generate a family of three-pulse reference wave packets, 
whose overlaps with the target constitute the signal (the relevant interference contribution 
to the one-exciton population). The control pulse and each of the phase-controlled pulse- 
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pairs have independently selected linear polarizations, allowing a measure of external 
choice — in a statistical sense — of acceptor and donor transition-dipole lab-frame 
orientations. The control-influenced nl-WPI signal proves in general to be more 
complicated than the ideal situation described above; but the use of polarization selection, 
choice of pulse center-frequencies, and selection of interpulse delays and optical phase 
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signature, all serve to simplify the observed signal. 

Although the full nl-WPI signal provides a more complete amplitude-level 
characterization of the control-influenced energy-transfer dynamics, a relatively simpler 
polarized fluorescence-detected pump-probe experiment may be sufficient to test the 
efficacy of vibrational control of EET. Such an experiment reveals the population transfer 
between monomers (nuclear probability density),^*' but provides less detailed information 
on the evolution of the accompanying amplitudes (nuclear wave packets). A nl-WPI 
experiment reduces to a pump-probe experiment when the pulses within each pair arrive 
simultaneously, and an expression for the pump-induced change in the probe-induced 
fluorescence is derived from the nl-WPI signal by taking this limit. 

2. THEORY 

We consider an energy-transfer dimer and treat each monomer as a system of two 
electronic levels. The Hamiltonian of the molecular complex is 

H = |o>Ho(o|-f-|i)Hi(i|-f-|r)H,(r|+|2>H,(2|-h/{|i'>(i|+|i)(i'|} . (1) 

Hnin = 0,1, Y, 2 ) is the nuclear Hamiltonian in the electronic state | n) , where 
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1 0) = I .?^) (both chromophores unexcited) 

1 1) = I eg) ("first" molecule electronically excited) 

(2) 

1 1 ) = I g^) ("second" molecule excited) 

1 2) = I ee) (both molecules excited) . 

Note that the Hn govern the nuclear motion essential to our control strategy. The energy- 
transfer coupling J may, in general, depend on nuclear coordinates. 

The complex interacts with five independently polarized laser pulses. An 
electronically non-resonant control pulse, P, comes first; it is responsible for initiating 
vibrational motion in the electronic ground state by impulsive stimulated Raman 
scattering^^ (it could be replaced by a timed sequence of pulses in order to selectively 
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excite a single mode of a particular frequency • ■ ' ). The control pulse is followed by 
a nonlinear WPI sequence comprising a pair of phase-locked (or phase-modulated) 
electronically resonant pulse-pairs, A-B and C-D (see Fig. 2). The laser-molecule 
interactions are governed by 

V{t) = -Y,M-E,{t)- I^P,A,B,C,D. (3) 

The dipole moment operator, 

// = m(|0)(l| + |l')(2|) + m'(|0>(r| + |l)(2|) + H.c. , (4) 

facilitates electronic transitions for the individual chromophores. The dimer complex is 
assumed to be "rigid" in the sense that the relative angle between m and m ' is taken to 

be a fixed parameter, rather than a dynamical variable. The electric field of the pulse is 
written as 

E,(0 = e,£,/,(0cos(4),(0 + ^,) , (5) 
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with a well-defined polarization vector, field amplitude, envelope function (peaked at 
arrival time ti with duration O/), phase function, and constant phase. 

P A B C £» 

A AAAA 

— I 1 — I 1 — \ — 

tp tA tB tc to 

FIG. 2. Schematic representation of the pulse sequence for the experiments considered here. The pre- 
resonant control pulse {P) precedes the nl-WPI sequence (A-D). The absolute phase of any pulse is 
considered random, while the phase differences and <poc are precisely controlled. 

The two pulse-pairs are assumed to be temporally non-overlapping, and neither 

overlaps the non-resonant control pulse {tp <^t^,tg <^t(,,t^ with =tg-tj^>Q and 

= tj^-t(.>Q). We shall account for the possibility that pulses within a pair may 

overlap in time, so that pulse B (D) may act on the system before pulse A (Q. 

^BA =9b~9a Vdc =9d~9c assumed to be externally controlled or modulated, 

but the absolute phases are unknown and subject to random jitter between successive 

laser shots. The relative phases between P and A, B, C, and D need not be specified, and 
those between A or 5 and C or D are similarly unknown. 

The state ket of the system evolves according to 

/^|^(0) = (//+V(0)|^(0> , (6) 
(we set fi equal to 1 throughout) with an initial condition 

\^it«tp)) = e-'"''-'^'\0)\l/^,) , (7) 
prior to any of the laser pulses, where | j^^g) is an eigenstate of //q-^^'^^'^^ Switching to the 
interaction picture, we evaluate 
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e'"*'-'^^ I ^(0) = e'""""^' {-H + {H + V(t)) \ ^(O)} 
= e'"^'-''^V(t)\'¥(t)) . 

The formal solution is 

e'"^'-'^>\^'(t)) = \0)\i/r^) + - I dt'e'"^''-'''V(t')\'V(t')) , (9) 

or, reverting to the Schrodinger picture, 

I = e-'"^'-'^^ \0)\i/r^) + -\ dtV"^'-'\it') I ^(0) . (10) 

This standard integral equation is mathematically equivalent to Eq. (6). It can be 
iterated — with the expression for |^(0) on the RHS being repeatedly substituted into the 

integral — in order to obteiin solutions perturbative to any desired combination of orders of 
the incident fields. 

As the observables of interest we seek all contributions to the one-exciton 

population (^(0|(|l)(l| + |l')(l'|)|^(0) that are quadratic in ; quadrilinear in 

E^,Ej^,E^ and Ej^ ; and carry a specific dependence on the optical phase shifts and 

. These observables represent the control-pulse-induced change in the nl-WPI signals 

of various phase signatures. Contributions of this kind can be isolated experimentally by 
optical phase cycling or other fundamentally equivalent procedures.'^^'^^''^^'^^'^^'^^'^^'^^'^^' 

62,63,64 

In order to keep things relatively simple, we specialize to a complex that does not 
rotate in the interval top between the first and last pulses. We further assume that the 
time-and-frequency-integrated fluorescence from the one-exciton manifold can be 
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selectively detected without contamination from the two-exciton emission. As an 
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additional experimentally realizable simplification, we assume that the pulse durations 
a, are significantly shorter than the characteristic timescale, iTtj J , for electronic 

excitation transfer; this assumption allows us to neglect energy transfer in cdculating the 
action of the individual pulsesJ^ 

Because contributions to and (l'|^(0) come at odd orders in the 

external fields, we must determine the first-, third-, and fifth-order terms in perturbation 
theory. Using the notation [f] = exp(-/ H t) for the free-evolution operator, we C£in write 

an expansion of Eq. (10) through fifth order, 

|^(0)={[?-?j+T j dt'\t-ty{t')vt'-tj 

+^ I dt"\ dtXt-t"]V(t")[t"-t']V(t')[t'-tJ (11) 
+ ••• through fifth order} I O) I {^o) . 

We define the pulse propagators 

P,(t;t') = -- \dt%-t']ti-E,{t'){t'-t,] , (12) 

where the first argument is the upper limit of integration cind the second is the integration 
variable. With this notation, the perturbed state (11) c£in be re-expressed as 

\'i'{t)) = {{t-t^^+Y,Vt-t,WAt\ ?')[?M ] 

+YL^t-tjWj{t\t'\t„w,{t'V){t^^ (13) 

+ ••• through fifth order} I O) I {^^o) . 

We evaluate the necessary electronic matrix elements of the pulse propagators 
with the help of the rotating wave approximation and neglect energy transfer (but not 
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vibrational motion) during the interaction due to the impulsive nature of the excitation. 
For an upward transition such as 1 <— , we have 

(1 1 ; 1 0) = ^ I dtV, - 1 (1 1 // 1 0) • e, /, (0 e-'"' ^' [/ - 1, ]^ 



= e-^^-e, ^ I Jr7,(0e-'*'<''' [t,-tX [t'-t,]^ (14) 
2 

where e^ • m = e^m (i.e. is the component of e^ along m). With the neglect of 
intrapulse energy transfer, J is to be set to zero when evaluating the free-evolution 

operators in the integrand, so [t\^ = exp(-iH^t) , [t]^^- = exp(-iHy t) , and \t\,^ = [t\^' = . 
For a downward transition such as 1 — > we have, similcirly, 

{0\P,(t;t')\l) = e'^'e, ^ | dt'[t, -t\M/)e'''-^''V-t,l, 

^ -oo (15) 

Notice the anti-Hermitian property of the reduced pulse propagators 

pT\fA=-[pT\fA)\ (16) 

The reduced pulse propagators introduced in Eq. (15) are purely nuclear operators 
describing the pulse-dependent distortion of vibrational wave packets accompanying 
electronic transitions. Extending this notation to the other electronic matrix elements 
of allows us to write 

p,(no=e-'-^'^,(|i)(o|pra;o+|2>(ivr(no) 

(I r) (0 1 (?; + 1 2) (1 1 (n 0) 

w*"e,(|o)(i|pra;o+|i')(2|pr(no) ^^^^ 

+e'^'e;(|0>(lVr(r;0 + |l>(2|/.r(^;0) • 
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For the purpose of calculating the non-resoricintly pumped nl-WPI signed, we need 
not determine each and every nuclear wave packet linearly superposed to form (l|^(f)) 

and (l'|^(/)) . Only those packets linear or trilinear in the WPI-pulse field amplitudes 

and zeroth- or second-order in the non-resonant control field contribute to the signal 
(because of its non-resonance, the control pulse cannot make a linear contribution to 
these nuclear amplitudes alone or in combination with the temporally separated WPI 
pulses). The relevant first-order contributions to {£ = 1,1) are 

|(^).>' K^).}' li^l) ■ (18) 

The necessary third-order terms are 

[APP]^), \{BPP)^), \{CPP)^), \{DPPl) 

\{CBA)^), \{CAB)^), \{DBA)^), \{DAB)^) (19) 
\{DCAl), \{CDA)^), \{DCBl), |(CZ)5)^) , 

and contributing fifth-order wave packets consist of 

\{CBAPP)^), \{CABPP)^), \{DBAPP)^), \{DABPP)^) 
\{DCAPP)^), \{CDAPP)^), \{DCBPP)^), \{CDBPP)^) . 

(20) 

The meaning of our notation should already be clear. For example, 

(APP)J = (f|[?-?JP^(?;r)[?^JP^(r;/X(r;0[?pj|0>|?^ro> • (21) 
The nuclear state-kets listed in Eqs. (18) through (20) and discussed extensively in the 
rest of this paper are the vibrational wave packets referred to in the term "wave-packet 
interferometry." It is a central feature of our analysis that the sought-after multi- 
dimensional electronic spectroscopy signals are explicitly expressed and interpreted in 
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terms of the quantum mechcinic£il overlaps between various pairs of these vibrational 
wave packets. 

A special feature of the experimental observable further simplifies the calculation. 
We are interested in various contributions to the population of the one-exciton manifold 
at a time t>tjj (i.e. well after the last pulse has acted). Any contribution to the f-state 

amplitude continues to evolve during t-to and, in particular, amplitude may be gained or 
lost through excitation transfer. But the Hermitian operator for the one-exciton population 

|l)(l| + |l')(l'| commutes with H,so [-t + t^}(\\){\\ + \\'){\'\)\t-t^] = |l)(l| + |l'>(l'| . 

Without approximation, we may therefore formally set t = tjj in the final free-evolution 

operator of the contributing first-, third-, and fifth-order nuclear amplitudes used in 
calculating the one-exciton population. 

Each of the first-, third-, and fifth-order nuclear wave packets listed above 
involves multiple interfering pathways through electronic state space. For instance, the 
f'-state wave packet linear in alone has contributions from nuclear amplitudes 

accompanying the direct excitation of both |l) and |l') states: 

\{Al) = {e\[t,JP,ioo-y)\0)\w,) 

= e-'-^VJU].i/^rKO|!^o) (22) 

The quantities [tjjj^]^^ and [^^^Igi' are nuclear operators that incorporate the energy- 
transfer events occurring after electronic excitation (J ^0). The upper integration limit 
of the reduced pulse propagators in Eq. (22) has been set to infinity, since the pulse is 
assumed to have passed entirely before the excited-state amplitude is reckoned. This 
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assumption is appropriate, because the one-exciton population is to be determined by 
fluorescence, whose lifetime greatly exceeds the pulse durations. 

We can represent this situation with a sketch illustrating the branching pathways 

through electronic state space that contribute to | (A)^) : 




(23) 

We now introduce a streamlined notation for | (A)^) that makes explicit the optical 

phase-dependence, the polarization-moment direction cosines, and the electronic state- 
space pathway of each contributing term, rewriting Eq. (22) as 

{Al) = e-^^[e,\{am}^) + e:\{a(rO)}^)] . (24) 

Both terms carry the same optical phase factor, as both result from an upward electronic 
transition driven by pulse A. In the case e = 1(1') the first (second) term is the probability 
amplitude for the excitation to remain in the 1 (1') state after toA of evolution in the one- 
exciton manifold (back- transfer included); the second (first) term is the probability 
amplitude for energy transfer to have taken place to the l'(l) state. This example should 
illustrate sufficiently the notation we will use to express the other first, third, and fifth- 
order £-state wave packets resulting from multiple interfering pathways through 
electronic state-space. The other first-order wave packets follow by direct analogy. 
The state-space pathways for (APP) ) can be sketched as 
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The second-order action of the non-resonant control pulse can return amplitude only to 
the electronic ground state; transient occupation of the 1 or 1' state imparts momentum to 
Franck-Condon active vibrational modes. We wish to investigate the opportunity this 
impulsive Raman process offers for vibrational control over the energy transfer that takes 
place after subsequent resonant excitation to a site-excited electronic state. An expression 

for [APP)J^ can be obtained by appljdng the second-order action of P along with t^p of 
ground-state evolution as a "prefix" to I (A),): 

{APP)^) = e-He^el |{fl(10)/7(01)/7(10)}^) + e^e;' |{a(10)/7(0r)p(l'0)}^) 



+e 



(26) 

;4|{a(i'o)p(oi)p(io)}J+e>;2|{a(i'o)p(or)p(ro)}J] . 



Due to the up-and-down action of electronic excitation and de-excitation by the non- 
resonant control pulse, its optical phase does not appear. The remaining third-order terms 

which are quadratic in the non-resonant control pulse, ^[BPP)J^ , |(CPP)^^ , and 

I (DPP)^^ can be obtained by simply changing A and a to 5 and b, C and c, or D and d, 

respectively, in Eq. (26) (but [(DPP)^^ reduces to only two nonzero terms for each 
choice of e). 

The electronic state-space pathways for |(C5A)^^ are shown below: 
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A Vb] B Vcb] C Vdc] 




Eight of the sixteen superposed amplitudes in |(C5A)^^ cannot contribute in practice to 

the nl-WPl signal. In those marked with an X, both A and B pulses effect upward 
electronic transitions, 2<— 1<— or2<— !'<— O.In either instance, the overall optical 
phase factor (including that from a subsequent downward transition under pulse C ) is 
exp(-/^^ - + i<p^ ) . Any overlap involving a wave packet of this phase dependence 
will average to zero over many laser shots, as the uncontrolled phase factor 
exp(-/^^ - icpg ) samples points distributed randomly on a unit circle in the complex 
plane. 

The eight remaining amplitudes in (27) carry a phase factor exp(-/^^ +i^B ~Wc) 
resulting from the upward, downward, and upward action of pulses A, B, and C, 
respectively. Overlaps between these wave packets and those involving an upward 
transition under pulse D , which carry a phase factor exp(-/^^ ) , therefore have a phase 
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factor exp(/^^^ + icpj^^) '■> since this factor involves only the controlled phase differences, 
these overlaps do not automatically average to zero and can contribute to the nl-WPI 
signal. The sum of amplitudes forming |(C5A)^^ can now be written out from the state- 
space sketch: 

|(CfiA)^) = ^'"[e^e^ec |{c(10)K01)a(10)}^} 

+e,e,e, \{c(rO)bmam],) + eAec |{c(10)&(0r)fl(10)}J 
+ey,e, \{ca'0)b(Ol')am}^) + e^e,e, |{c(10)Z.(01)a(l'0)}^) (28) 
{c(l'0)K01)a(rO)}^} + e»c|{c(10)K01')fl(l'0)}^) 
{c(l'0)/7(0r)a(l'0)}^)] . 

A similar expression for | [DBA]^^ follows by replacing C and c with D and d, 
respectively. 

In |(CA5)^^ the roles of A(a) and B(b) are reversed, despite the fact that the 

arrival time for the former precedes that for the latter; the B pulse acts first to 
electronically excite the system before it is de-excited by the A pulse. Because the 

interval is nonnegative, the expression for |(CA5)^^ resulting from a simple 

substitution in Eq. (28) would introduce a slight inconsistency in our treatment. We 
neglect EET during the short interaction time, and must also do so during backward 

evolution from ts to /a in |(CAfi)^^ , as tsA must be shorter than the pulse duration for this 

amplitude to be nonzero. This neglect amounts to omitting the four kets whose labels 

would include either a(01>(10) or a{Ol)b(rO). \{DAB)^) can be obtained from 

|(CA5)^^ by again replacing C with D and c with d. 
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The next step is to draw the state-space pathways contributing to (DCA) 



A [tcA C [^Dc] D 








The C and D pulses act in opposite directions in every instance (upwards and downwards, 
respectively, or vice versa). The optical phase factors accompanying all these amplitudes 
involve the controlled difference (poc rather than the uncontrolled sum + , and none 

of the signal contributions to which these amplitudes contribute averages to zero due to 
shot-to-shot fluctuations in the absolute phase. The corresponding amplitude is 
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{DCA)^) = e-'*"^"'^- |{ J(12)c(21)fl(10)}^) 



+e^e^e,j 


\{d(l'2)c(2l)am},) + e,e,e^ 




{J(l'2)c(21')a(10)}^} + 44e; 




\{d(r2)c(2l)a(V0)}^) + e^e,e^ 




{j(r2)c(2r)fl(i'o)}^)] 


^^-in-ifoc [^^^^^^ { J(10)c(01)fl(10)}^) 




{J(r0)c(01)a(10)}^} + e^4e^ 




\{d(rO)ciOY)am}^) + e:e,e^ 


'^^A^C^D 


\{d(l'0)c(Ol)a(YO)}^) + ey,e^ 


4- ' ' ' 


{J(l'0)c(01')a(l'0)}^)] . 



(30) 

{J(10)c(01')a(10)}J 



|(DC5)^^ can be obtained by replacing A with B and a with b in Eq. (30). There is no 

interval of free evolution after the action of pulse D in either |(DCA)^^ or |(DC5)^^ . 

Hence eight of the contributing sixteen wave packets — those for which the left index of d 
differs from e — vanish identically. 

Expressions for [CDA)J^ and |(CD5)^^ can also be obtained by suitable 

substitutions in the full expression (30). Once again, eight of the sixteen terms vanish, in 
this instance approximately (those for which the left index of c differs from e). Because 
we have ignored energy transfer inside the pulse propagators, we must for consistency 
neglect it as well during forward propagation under [r^^] following the action of the C- 

pulse propagator and during backward propagation under [-^^.^J between D and C, as 

this interval must be shorter than the pulse duration for C and D to overlap in time. 

The fifth-order wave packets listed in Eq. (20) incorporate second-order action of 
the control pulse and can be obtained by inserting the appropriate additional factors in the 
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third-order amplitudes (28), (30), and their analogs. The pattern is the same as that used 
to obtain \ (APP)^) from |(A)^) (see Eqs. (24) and (26)). 

3. nl-WPI SIGNAL 

The demonstration calculations of Section 1 illustrate one possible effect of 
coherent nuclear displacement on subsequent EET population dynamics (see Figure 1). 
Experimental verification of this control mechanism and the investigation of others by nl- 
WPI would perhaps be clearest on a molecular complex with a specific orientation in the 
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lab frame. A definite fixed orientation would allow polarization selection of specific 
"donor" and "acceptor" chromophores. In a liquid- solution or gas-phase sample of many 
randomly oriented complexes of fixed internal structure, a given laser pulse may instead 
interact with either or both of the constituent monomers. Vibrational control over EET 
should still be detectable, however. The polarization of the non-resonant control pulse (P) 
could, for instance, be set perpendicular to that of the first electronically resonant pulse- 
pair (A & B). The latter selects the donor in a statistical sense, and the former would 
therefore preferentially vibrationally excite the acceptor chromophore. The effect of the 
control pulse could be sought in the signal anisotropy with respect to the polarization of 
the second pulse-pair (C & D), chosen parallel to the first (preferentially monitoring the 
donor-excited ground state and acceptor-excited two-exciton state transitions) or 
perpendicular to it (preferentially monitoring the acceptor-excited <-> ground state and 
donor-excited <-> two-exciton state transitions). 

The signal components of various phase signatures together comprise all control- 
induced changes in the portion of the one-exciton population that are quadrilinear in the 
WPI-pulse field strengths (i.e. the quadrilinear one-exciton population with the control 
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pulse minus the quadrilinear one-exciton population without the control pulse). We 
therefore write the signal as 



and denote that portion of £"-state population that is quadratic in Ep and quadrilinear the 
WPI fields as 



Among the contributions to the signal (32) are the overlaps of each of the four single- 
pulse wave packets (18) with its two complementary four-pulse (fifth-order) packets from 
Eq. (20), with the latter differing only in the order of action of the pulses making up a 
pulse-pair. In addition, there are the overlaps of the four two-pulse (third-order) wave 
packets from Eq. (19), each of which involves a single WPI-pulse, with the two 
complementary three-pulse (third-order) packets from the same equation, with the latter 
again differing in the order of action of the pulses making up a pulse-pair. 

Phase-sensitive detection methods (see especially the fluorescence-detected 
phase-modulation technique recently demonstrated by Marcus and co-workers in Refs. 49 
and 50) can isolate the (complex-valued) portion of the signal bearing any of the four 
possible dependencies on the externally controlled phase differences (Pba and (poc- We 
have 



(31) 




(32) 
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in which, for instance, 

lit In 

K = I d^sA J dg>,c e-'''--'-' (34) 







is the component of with phase g)^^ - (Pj^^, . We can extend this notation to identify the 

portion of each wave-packet overlap contributing to the signal component of a given 
phase signature: 



++ 



ST={{B)^\{DCAPP)^)' +((5)J(CmPP)^)'%((5PP)J(DCA) 
+ ((5PP)J(CDA)^)^V((Z)C5PP)J(A)^)'V((CZ)5PP)J(A)^)" 

+ {{DCB)^\[APP)^Y + {{CDB)^\{APP))f%{{D)^\{CBAPP)^Y 
+ ((DPP)J(C5A)^yV((DAfiPP)J(C)^)'V((DA5)J(CPP)^)" 

= ((5) J(CDAPP)^)^" +((5) J(DCAPP) J" +((5PP) J(CZ)A) J" 
+ ((5^^).|(^CA)^r+((CZ)5PP)J(A)^)^" + ((DC5PP)J(A)^)" 
-{{CDB)\^{APP))f^+{{DCB)^\{APP)^y' + {{C)^\{DBAPP))l 
-[{CPP)^\{DBA);f- ^{{CABPP)^\{D)^Y +{{CAB)^\{DPP)^Y 



(35) 



(36) 



+ < 



s-;={s:-) (37) 

S7 = iST)* ■ (38) 
Full expressions for the components (35) - (38) in terms of overlaps between wave 
packets arising from specified state-space pathways, for an arbitrarily oriented EET 
complex, are given in Appendix B. Of particular interest is S^' (or ), which may be 

referred to as echo-like, as it should be the least affected by inhomogeneous dephasing 
due to differences in the local molecular environment, provided the two site energies of 
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the dimer are positively correlated (see for example Section V.C. of Ref . 42). This 
distinction may become less significant if nl-WPI experiments can eventually be 
performed on a single-molecule basis , as is possible in principle with fluorescence- 
detected phase-cycling methods/^'^^' 

4. PUMP-PROBE LIMIT 

Although nl-WPI more fully exposes the amplitude-level nuclear dynamics 
accompanying electronic excitation transfer, the control scheme proposed here could also 
be tested with a simpler three-pulse experiment. In such a measurement, the population 
dynamics following vibrational excitation by the control pulse would be monitored by 
polarized fluorescence-detected pump-probe spectroscopy. The nl-WPI measurement 
becomes equivalent to a pump-probe experiment in the limit that pulses A and B share the 
same pulse shape and arrival time (the pump), and pulses C and D have a conmion pulse 
shape and arrival time (the probe). 

We define = 0j + 0^- as the change in the pump-probe fluorescence signal 

caused by the non-resonant control pulse. All four components of the nl-WPI signal (35) 
- (38) contain identical information when the intrapulse-pair delays are both set to zero. 
Notice that the Eq. (36) can be obtained from Eq. (35) simply by interchanging the 
actions of pulses C and D. Hence 5^ ^ = S^' (and S~ = S~'^ ) in the pump-probe limit; and 
the further equivalence of pulses A and B then leads to 

c = s:- = s;- = , (39) 

whence 

0.=45r (tBA = toc=0). (40) 

An additional simplification is possible, due to the fact that relationships of the form 
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{{CABPP)^\{Diy' = ({{Cl\{DBAPP)^y- 
(41) 

obtain in the pump-probe limit, and we arrive at 



0, =SR^[{{Cl\{DBAPPiy- + {{CPPl\{DBAiy 
+SR^[{{Bl\{CDAPPiy- + {{BPPl\{CDA)J 
+SRe\ {{B)^\{DCAPP)^y'+{{BPP)^\{DCA) 



(42) 



Grouping wave-packet overlaps based on the nature of their interactions with the 
resonant pump (A-B) and probe (C-D) pulses leads to the identification of the three terms 
in Eq. (42) as the ground-state bleach, excited-state absorption, and stimulated emission 
components of the control-induced change in the pump-probe signal, respectively 

( 0g =0^'^* + 0^'^'* + 0^^ ). In the ground-state bleach terms, the A-B pulse acts twice 

(0<— f<— 0)to return amplitude to the ground electronic state (and, loosely speaking, 
thereby cancel ground-state amplitude through destructive interference).^^ In the 
remaining terms, the C-D pulse acts twice on a wave packet already prepared in an 
excited electronic state by the A-B pulse ( £" <— 2 <— £" for excited-state absorption and 
f <— <— f for stimulated emission). Tuning the pulse parameters, such as their duration 
and center frequency, should enable the isolation of one or two of these contributions in 
many cases. Explicit expressions for these contributions to the pump-probe difference 
signal, in terms of overlaps between nuclear wave packets generated by specific 
pathways through electronic state-space, can be found in Appendix C. Numerical 
calculations based on the formulas given in Appendix C are presented in the following 
article.^^ 
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5. CONCLUDING DISCUSSION 

We have proposed a strategy both for influencing the short-time dynamics of 
electronic excitation trjinsfer by imparting coherent nuclear motion through impulsive 
vibrational excitation prior to electronic absorption and for monitoring the operation of 
this control process by nonlinear wave-packet interferometry. The theoretical framework 
necessary to calculate the polarized nonlinear wave-packet interferometry signal from a 
randomly oriented EET complex of well-defined internal structure after vibrational 
excitation by impulsive stimulated Raman scattering is presented in full detail, along with 
the corresponding expressions in the pump-probe limit of nl-WPI. The amplitude-level 
picture of system d5Tiamics provided by nl-WPI will give useful information on surface- 
crossing dynamics in multi-chromophoric systems. The effect of coherent nuclear motion 
on molecular processes in excited electronic states could be studied by similar means in 
the context of internal conversion in large molecules, systems exhibiting Jahn-Teller 
dynamics, or those with conically intersecting adiabatic electronic potential surfaces 

7R 7Q 

generally. ' 

Good candidates for experimental and further theoretical study of the control 
processes envisaged here would be dimer complexes with EET coupling sufficiently 
strong to compete with other electronic decay mechcinisms, yet weak enough to allow the 
neglect of excitation transfer on the timescale of ultra-short pulse lengths. The linear 
absorption and fluorescence spectra of such species would be expected to resemble 
qualitatively those of the constituent monomers, hi order to separately address the 
internal vibrations (by ISRS) £ind electronic transitions of the monomers, it will be 
important that they possess non-parallel electronic transition dipole moments. Li the 
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simplest case, allowing single-pulse pre-resonant impulsive excitation of a controlling 
vibrational mode, the monomer should have a Raman-active low-frequency mode that 
can be selectively excited by a pulse whose duration is somewhat shorter thcin the period 
of that mode, but longer than that of other active modes. 

Various anthracene dimers investigated by Yamazaki and co-workers might be 
appropriate systems in which to study the vibrational control of EET.*^*^'*^' The low- 
frequency vibrational progression in the <— absorption (and Sq fluorescence) 

spectrum of anthracene is dominated by the Vu fundamental and its first overtone 
(0)= 390 cm"^), which suggests that this mode could be selectively driven to coherent 
motion of non-negligible amplitude by pre-resonant ISRS. Dithia-anthracenophane 
(DTA)^° is one promising system, with two anthracene monomers held rigidly at an angle 

o 1 

of 88.5°. Other anthracene dimers include ortho- and meto-dianthrylbenzene. All three 
of these dimer complexes exhibit quantum beats in their time-resolved fluorescence 
anisotropy indicative of EET. Several naphthalene dimers have recently been synthesized 
by Johnson and co-workers. DTA is among the model complexes for which calculated 
pump-probe difference signals are reported in the paper foUowing.^^ 
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APPENDIX A: ORIENTATIONAL AVERAGING 

If the experiment is performed on a sample in liquid or solid solution, or in the 
gas-phase, then we must average the direction cosine terms such as e^e^e^e^gp to 

OA 

account for the isotropic distribution of dimer orientations (see Appendices B cind C). 
Although the ideal system to demonstrate our control mechanism would have 
perpendicular transition dipole moments, any system whose monomer transition moments 
are non-parallel should be susceptible to coherent vibrational control. The nl-WPI signal 
is a portion of the tot£il fluorescence from the one-exciton manifold, and is therefore 
insensitive to molecular rotations following the last-acting pulse. 

We model the system as possessing two transition dipoles whose relative 
orientation remains fixed while the lab-frame orientation of the system is randomly 
distributed. With a as the angle between the monomer transition moments, we can 
specify the orientation the molecular dipoles in the lab frame (X,Y,Z) in terms of Euler 
angles through 

m = mR^(^)R,(^)R,(i^)Z ^^^^ 
m' =m'R2 {^)Ry {0)^z {¥)^y {(x)Z. 

Although the number of possible polarization combinations is large, we restrict ourselves 
here to two arrangements. In order for the non-resonant control pulse to influence EET in 
a manner similar to that illustrated in the demonstration cdculation of Sec. 1, it should 
excite coherent motion on the chromophore that is not electronically excited by the first 
pulse-pair {A &B). Thus we choose ep perpendiculeir to ca (we also choose eA parallel to 
Cb and ec parallel to Cd). We consider the cases in which the second pulse-pair (C & D) is 
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polarized either parallel to the first pulse-pair or parallel to the control pulse. Defining the 
orientational average as 

we find values for the direction-cosine prefactors parametrized by the inter-chromophore 
angle a. These are listed in Tables 1 and 2. 
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TABLE 1 . Rotationally averaged values for the direction-cosine terms multiplying the wave-packet 
overlaps that compose the signals considered here. For the case of "parallel probing," we take the four WPI 
pulses {AJ^,C, and D) polarized parallel to each other and perpendicular to the control pulse (P). a is the 
angle between the monomer transition-dipole moments. 



Term 


Parallel Probing 




1/35 


i^^A^B^C^D^p) 1 {^^A^B^C^D^p) 




i^^A^B^C^D^P ) ' ^A^B^C^D^P ) 
{^^A^B^C^D^P ) ' {^^A^B^C^D^P ) 


(cosa)/35 


/// 1 il\ 1 ) / 1 /2\ 

\^A^B^C^D^P / ' \^A^B^C^D^P / 




\^A^B^C^D^P 1 ' \^A^B^C^D^P / 




If r 1\ 1 f / 2 \ 

\^A^B^C^D^P 1 ' \^A^B^C^D^P / 




{^^A^B^C^D^P ) ' ^A^B^C^D^p) 




{^^A^B^C^D^P ) ' ^A^B^C^D^P ) 


(5 + cos2a)/210 


^A^B^C^D^P ) ' i^^A^B^C^D^P ) 




ie e e' e' e'^\ ie e' e e' e'^) 





e'e'e'e e^) ie' e' e e' e^) 

'^A'^B^C^D'^P I ' \^ A^B^C^D^P I 

' t / / 2\ I f / f 2\ 

^A^B^C^D^P I ' \^A^B^C^D^P / 



^'a^b^c^d^'p) ^^A^W^D^'p) (5cosa-cos3a)/l40 

' '-\ I ' '2\ 
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TABLE 2. The same as Table 1, but in this case the "probe pulse-pair" (C & D) is polarized parallel to the 
control pulse (P) and perpendicular to the "pump pulse-pair" (A & B). 



Term 






{^A^B^C^D^P ) 


1/35 


i^^A^B^C^D^p") 


^^A^B^C^D^p) 




^^A^B^C^D^P ^ 


' ^^A^B^C^D^P^ 




/ ' / / '2\ 

\^A^B^C^D^P 1 


If t t f2\ 

' \^A^B^C^D^P 1 


(cosaj/35 


If' ' '2\ 

\^A^B^C^D^P 1 


1 f f t f2\ 

' \^A^B^C^D^P J 




^A^B^C^D^p) 


^A^B^C^D^P ) 




i^^A^B^C^D^P } 


' ^^A^B^C^D^P ^ 




^A^B^C^D^p) 


^^A^B^C^D^p) 




1 1 ' '2\ 

\^A^B^C^D^P / 


' ^A^B^C^D^P ) 




ie'e e e' e'^) 

y^A^B^C^D'^P 1 


' ^A^B^C^D^P ) 




le'e'e' e 

\'^a^b^c^d'^p I 


U' e' e e' 




^A^B^C^D^P ) 


' ^A^B^C^D^P ) 


(5 cos a - cos 3a)/l40 


i^A^B^C^D^p) 


^^A^B^C^D^p) 




^A^B^C^D^P ) 


' ^A^B^C^D^P ) 


(2cos«-i-cos 3a)/l05 


1 ' ' ' ' 2 \ 

\^A^B^C^D^P 1 


/ / / 2\ 




1 /2\ 
\^A^B^C^D^P 1 


/ / / /2\ 

' ^A^B^C^D^P 1 


(5 + cos2a)/210 
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APPENDIX B: NL-WPI SIGNAL FOLLOWING CONTROL PULSE 



Here we provide detailed expressions for the non-linear wave-packet inter- 
fcromctry signal from an energy transfer complex subjected to a pre-resonant 
control pulse (derived in Using Wave-Packet Interferometry to Monitor the Ex- 
ternal Vibrational Control of Electronic Excitation Transfer, Section 3). The 
signal is decomposed into four components of different phase signature, 

— gi{'t>BA+4>Dc) g++ _|_ ^i(<t>BA-(t>Dc) g-\ 

gi(-<t>BA+<t>Dc) g \- Qi{-<l>BA-<t>Dc) g ^ (B.l) 

the first two of which are written out in detail below. The other components 
are easily obtained from the relations Si = (5++)* and 5~+ = {S^ )*. 

St+ = {{B),\{DCAPP),)++ + {{BMCDAPP%)++ + {{BPP),\{DCA),)++ 

+ {{BPPU{CDA%)++ + {{DCBPPMA%)++ + {{CDBPPU{A%)++ 

+ {{DCB%\{APP%)++ + {{CDB%\{APP%)++ + {{D%\{CBAPP%)++ 

+ {{DPP),\{CBA%)++ + {{DABPP),\{C),)++ + {{DABMCPP%)++ 

(B.2) 



3+- - {{B),\{DCAPP),)+- + {{B),\{CDAPP),)+- + {{BPP),\{DCA),)+- 
+ {{BPP),\{CDA),)+- + {{DCBPP),\{A),)+- + {{CDBPP),\{A),)+- 
+ {{DCB),\{APP),)+- + {{CDB),\{APP),)+- + {{C),\{DBAPP),)+- 
+ {{CPPU{DBA%)+- + {{CABPPMD%)+- + {iCABMDPP%}+- 
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{{B)^\{DCAPP)^)++ = eAeBeceDep^({5(10)}s|{d(l'2)c(2l')a(10)p(01)p(10)}e) 

+ e'^eBecei,ep=^({6(10)},|{<i(l'2)c(2l')a(l'0)p(01)p(10)},> 

+ e^e'Beceoep^({f)(l'0)}e|{d(l'2)c(2l')a(l'0)p(01)p(10)}e> 

+ e^eBe'ceDep^({6(10)}e|{d(l'2)c(21)a(l'0)p(01)p(10)}e> 

+ e'^CBece'^ep^ {{b(10)},\{d{12)c(2l')a{l'0)p{01)p(10)}e) 

+ e'^e'se'ceDep^{{b{l'0)}^\{d(l'2)c{21)a(l'o)p(fil)p{10)}e) 

+ e^eBe;^e^ep^({f>(10)},|{d(12)c(21)a(l'0)p(01)p(10)},) 

+ e:4e'Bece'Dep^<{6(l'0)}e|{d(12)c(2l')a(l'0)p(01)p(10)}e> 

+ e^e'Be'ce'Dep^{6(l'0)},|{(i(12)c(21)a(l'0)p(01)p(10)},) 

+ eAe'BeceDep^({;)(l'0)}.|{d(l'2)c(2l')a(10)p(01)p(10)}e> 

+ eAeBe'ceDep^{b(10)}e|{<i(l'2)c(21)a(10)p(01)p(10)}e> 

+ eAeBece'oep^<{fe(10)}e|{d(12)c(2l')a(10)p(01)p(10)}e> 

+ eAp4ecei,ep=^({6(l'0)}.|{d(l'2)c(21)a(10)p(01)p(10)},) 

+ eAeBece^ep''({fc(10)}e|{-i(12)c(21)a(10)p(01)p(10)}e) 

+ eAe'Bece'Dep^({6(l'0)}e|{rf(12)c(2l')a(10)p(01)p(10)}e) 

+ eAe'Be'cel,ep"({b(l'0)}J{d(12)c(21)a(10)p(01)p(10)},> 

+ eAeBeceDe'p^{{b{10)},\{d{l'2)c(2l')a(10)p{ai')p{l'a)},) 

+ eAeBeceoe'p^({f)(10)}e|{d(l'2)c(2l')a(l'0)p(0l')p(l'0)}e) 

+ eAe'BeceDe'p^({6(l'0)}e|{d(l'2)c(2l')a(l'0)p(0l')p(l'0)}£> 

+ eAeBe'ce£,e'p^({b(10)}e|{d(l'2)c(21)a(l'0)p(0l')p(l'0)}e> 

+ e^eBece^e'p=^({f)(10)},|{<i(12)c(2l')a(l'0)p(0l')p(l'0)}^) 

+ e^e'Be;^eoe'p'({f)(l'0)}e|{d(l'2)c(21)a(l'0)p(0l')p(l'0)}e> 

+ e:4eBe'cei,e'p^({6(10)}e|{d(12)c(21)a(l'0)p(0l')p(l'0)}e> 

+ e'^e^ece^e'p=^({f)(l'0)},|{<i(12)c(2l')a(l'0)p(0l')p(l'0)},> 

+ e'^e:Be^ei,e'p='({6(l'0)}.|{d(12)c(21)a(l'0)p(0l')p(l'0)}.) 

+ eAe'Beceoe'p''({f)(l'0)}e|{d(l'2)c(2l')a(10)p(0l')p(l'0)}e) 

+ eAeBe'ceDe'p^({6(10)}e|{d(l'2)c(21)a(10)p(0l')p(l'0)}e> 

+ eAeBece'oe'p^{{b{10)},\{d(12)c{2l')a{W)p(0l')p{l'a)},_) 

+ eAe'Becei5e'p^({6(l'0)}e|{d(l'2)c(21)a(10)p(0l')p(l'0)}e) 

+ eAeBeceoe'p^{fc(10)}e|{d(12)c(21)a(10)p(0l')p(l'0)}e) 

+ eAe'Bece'Dep^{{6(l'0)}e|{d(12)c(2l')a(10)p(0l')p(l'0)},> 

+ eAe'Be'ce'De^ = {{6(l'0)}e|{d(12)c(21)a(10)p(0l')p(l'0)}e> (B.4) 
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{{B)s\{CDAPP)s)++ = eAeBeceDep^<{6(10)}j|{c(10)c((01)a(10)p(01)p(10)}e> 

+ e'^eBecei,ep'^({6(10)},|{c(10)d(01)a(l'0)p(01)p(10)},> 

+ e^e'BeceDep''({fc(l'0)}e|{c(10)ci(01)a(l'0)p(01)p(10)}e) 

+ e^eBe'ceDep^{{6(10)}e|{c(l'0)d(01)a(l'0)p(01)p(10)}e> 

+ e^eBecei,ep=^({b(10)},|{c(10)d(0l')a(l'0)p(01)p(10)}e> 

+ e^eBecei,ep^({()(l'0)}.|{c(l'0)d(01)a(l'0)p(01)p(10)},> 

+ e'^eee'ce'^ep^ {{bilO)},\{cil'0)d{Ol')a(l'0)p{01)pilO)}e) 

+ e^eBece'Dep^<{6(l'0)}e|{c(10)d(0l')a(l'0)p(01)p(10)}e> 

+ e^e'Be'ce'oep^{6(l'0)},|{c(l'0)d(0l')a(l'0)p(01)p(10)}e) 

+ eAe'Becei,ep^({()(l'0)},|{c(10)d(01)a(10)p(01)p(10)}e> 

+ eAeBe'ceDep^{{b{10)}^\{c{l'0)di01)a{10)p(0l)p{10)}e) 

+ eAeBecei,ep^<{6(10)}e|{c(10)d(0l')a(10)p(01)p(10)}e> 

+ eAe'se'ceDep^{{h{l'a)}rMc{l'a)d(01)a(W)p{ai)p{W)},) 

+ eAeBeceoep''({f)(10)}e|{c(l'0)ci(0l')a(10)p(01)p(10)}e) 

+ eAe'Bece'oep^{{6(l'0)}e|{c(10)d(0l')a(10)p(01)p(10)}e) 

+ e^e'Be;,e:oep"({b(l'0)}e|{c(l'0)d(0l')o(10)p(01)p(10)}e) 

+ eAeBeceDe'p^{{h{W)}^\{c{10)d{01)a(W)p{0l')p{l'0)}^) 

+ e^eBeceoe'p''({f)(10)}e|{c(10)d(01)a(l'0)p(0l')p(l'0)}e) 

+ e^e'BeceDe'p^{{6(l'0)}e|{c(10)d(01)a(l'0)p(0l')p(l'0)}e> 

+ e^eBecei,e'p'^({;)(10)},|{c(l'0)d(01)a(l'0)p(0l')p(l'0)}e> 

+ e^eBece^e'p'({Kl0)},|{c(10)d(0l')a(l'0)p(0l')p(l'0)},) 

+ e^e'Be^eoe'p''({f)(l'0)}e|{c(l'0)d(01)a(l'0)p(0l')p(l'0)}e) 

+ e^eBe'ce'oe'p^({6(10)}e|{c(l'0)d(0l')a(l'0)p(0l')p(l'0)}e> 

+ e^e'Bece^e'p='({fe(l'0)}e|{c(10)d(0l')a(l'0)p(0l')p(l'0)}.) 

+ e^e'Be;,e^e'p=^({6(l'0)},|{c(l'0)d(0l')a(l'0)p(0l')p(l'0)}e) 

+ eAe'geceDe'p^ {{b{l'0)}e\{c{W)d{01)a{10)pi0l')p{l'0)}e) 

+ e^eBe'ceDe'p^({6(10)}e|{c(l'0)d(01)a(10)p(0l')p(l'0)}e> 

+ eAeBece'oe'p^{{h{10)},\{c{10)d{0l')a{10)pi0l')p(l'0)},) 

+ eAe'Be'ceDe'p'^{{b{l'0)},\{c{l'0)d(01)a(W)p{ai')p{l'0)},) 

+ eAeBe'ce'oe'p^{{bilO)}e\{c(l'0)diOl')ailO)p{Ol')p{l'0)}s) 

+ eAeBece'Dep^({6(l'0)}e|{c(10)d(0l')a(10)p(0l')p(l'0)}e> 

+ e^e'Be'ce'De^^{{6(l'0)}e|{c(l'0)d(0l')a(10)p(0l')p(l'0)},> (B.5) 
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({BPP),\(DCA)^)++ = eAeBeceDep^({5(10)p(01)p(10)}e|{d(l'2)c(2l')o(10)}e> 

+ e'^eBecei,ep=^({6(10)p(01)p(10)}.|{(i(l'2)c(2l')a(l'0)}.> 

+ e^e'Beceoep^({f)(l'0)p(01)p(10)}e|{d(l'2)c(2l')a(l'0)}e> 

+ e^eBe'ceDep^({6(10)p(01)p(10)}e|{d(l'2)c(21)a(l'0)}e> 

+ e^eBece'j,ep''{{b(W)p(m)p{W)},\{d(12)c(2l')a(l'0)},) 

+ e^e^e;.ei,ep = ({6(l'0)p(01)p(10)},|{d(l'2)c(21)a(l'0)}e> 

+ e^eBe;^e^ep^({fe(10)p(01)p(10)}e|{d(12)c(21)a(l'0)},) 

+ e:4e'Bece'Dep^<{6(l'0)p(01)p(10)},|{c((12)c(2l')a(l'0)}e> 

+ e^e'Be'ce'Dep^{6(l'0)p(01)p(10)},|{d(12)c(21)a(l'0)},> 

+ eAe'BeceDep^({6(l'0)p(01)p(10)}e|{ti(l'2)c(2l')a(10)}e) 

+ eAeBe'ceDep^{f)(10)p(01)p(10)}e|{<i(l'2)c(21)o(10)}e) 

+ eAeBece'oep^<{fe(10)p(01)p(10)}e|{d(12)c(2l')a(10)}e> 

+ eAp4ecei,ep=^({6(l'0)p(01)p(10)},|{d(l'2)c(21)a(10)},) 

+ eAeBece^ep''({fc(10)p(01)p(10)}e|{c!(12)c(21)a(10)}e) 

+ eAe'Bece'Dep^({6(l'0)p(01)p(10)},|{c((12)c(2l')a(10)}e) 

+ eAe'Be'cel,ep"({b(l'0)p(01)p(10)}e|{d(12)c(21)o(10)},> 

+ eAeBecei,e'p''({b(10)p(0l')p(l'0)},|{d(l'2)c(2l')a(10)}e> 

+ eAeBeceoe'p^({f)(10)p(0l')p(l'0)}e|{d(l'2)c(2l')a(l'0)}e) 

+ eAe'BeceDe'p^({6(l'0)p(0l')p(l'0)}e|{d(l'2)c(2l')a(l'0)}e> 

+ eAeBe'ce£,e'p^({b(10)p(0l')p(l'0)},|{d(l'2)c(21)a(l'0)}^) 

+ e^eBece^e'p=^({f)(10)p(0l')p(l'0)},|{d(12)c(2l')a(l'0)}^) 

+ e^e'Be;^eoe'p'({f)(l'0)p(0l')p(l'0)}e|{d(l'2)c(21)a(l'0)}e> 

+ e:4eBe'cei,e'p^({6(10)p(0l')p(l'0)},|{d(12)c(21)a(l'0)}e> 

+ e'^e^ece^e'p^{fc(l'0)p(0l')p(l'0)}e|{d(12)c(2l')a(l'0)},> 

+ e'^e:Be^ei,e'p='({f,(l'0)p(Ol')p(l'0)},|{<i(12)c(21)a(l'0)},) 

+ eAe'Beceoe'p''({f)(l'0)p(0l')p(l'0)}£|{d(l'2)c(2l')a(10)}e) 

+ eAeBe'ceDe'p^({6(10)p(0l')p(l'0)},|{d(l'2)c(21)a(10)}e> 

+ eAeBecei,e'p'^({b(10)p(0l')p(l'0)},|{<i(12)c(2l')a(10)}.> 

+ eAe'se'ceoep'^ {{b(l'a)p(Ql')p{l'0)}-^\{d{l'2)c{21)a{W)}e) 

+ eAeBe'ce'oe'p'^ {{b(l0)p(0l')p{l'0)}e\{d{l2)c{21)a{W)}e) 

+ eAe'Bece'Dep^{{6(l'0)p(0l')p(l'0)}e|{d(12)c(2l')o(10)},> 

+ eAe'Be'ce'De^ = {{6(l'0)p(0l')p(l'0)}e|{d(12)c(21)o(10)}e> (B.6) 
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({BPP)e\(CDA)^)++ = eAeBeceDep^<{6(10)p(01)p(10)}e|{c(10)d(01)a(10)}e> 

+ e'^eBecei,ep'^({6(10)p(01)p(10)},|{c(10)d(01)a(l'0)},> 

+ e^e'BeceDep'^({6(l'0)p(01)p(10)}e|{c(10)d(01)o(l'0)}e) 

+ e^eBe'ceDep^({6(10)p(01)p(10)}e|{c(l'0)<i(01)a(l'0)}e> 

+ e^eBecei,ep=^({6(10)p(01)p(10)},|{c(10)<i(0l')o(l'0)}e> 

+ e^eBecei,ep^({()(l'0)p(01)p(10)},|{c(l'0)rf(01)a(l'0)},) 

+ e^eBe^ei5ep"({Kl0)p(01)p(10)}e|{c(l'0)d(0l')a(l'0)}e> 

+ e^eBece'Dep^<{6(l'0)p(01)p(10)},|{c(10)d(0l')a(l'0)}e> 

+ e^e'Be'ce'oep^{6(l'0)p(01)p(10)},|{c(l'0)d(0l')a(l'0)}e) 

+ eAe'Becei,ep=^({6(l'0)p(01)p(10)}.|{c(10)d(01)a(10)}e> 

+ eAeBecei5ep'^({b(10)p(01)p(10)}e|{c(l'0)d(01)a(10)}e> 

+ eAeBecei,ep^<{6(10)p(01)p(10)}e|{c(10)d(0l')a(10)}e> 

+ eAp4ecei,ep'^({6(l'0)p(01)p(10)},|{c(l'0)d(01)a(10)},> 

+ eAeBeceoep''({fc(10)p(01)p(10)}e|{c(l'0)c!(0l')o(10)}e) 

+ eAe'Bece'oep^{{6(l'0)p(01)p(10)},|{c(10)d(0l')a(10)}e) 

+ e^e'Be;,e:oep"({Kl'0)p(01)p(10)},|{c(l'0)d(0l')o(10)}e> 

+ eAeBecei,e'p''({()(10)p(0l')p(l'0)}e|{c(10)d(01)a(10)}e> 

+ eAeBeceoe'p''({f)(10)p(0l')p(l'0)}e|{c(10)d(01)a(l'0)}e) 

+ eAe'BeceDe'p^{{6(l'0)p(0l')p(l'0)}e|{c(10)d(01)a(l'0)}e> 

+ eAeBecei,e'p'^({b(10)p(0l')p(l'0)},|{c(l'0)d(01)a(l'0)}e> 

+ eAeBece^e'p'({Kl0)p(0l')p(l'0)}.|{c(10)d(0l')a(l'0)}e> 

+ e^e'Be^eoe'p''({f)(l'0)p(0l')p(l'0)}e|{c(l'0)ci(01)a(l'0)}£) 

+ eAeBe'ce'oe'p^({6(10)p(0l')p(l'0)},|{c(l'0)d(0l')a(l'0)}e> 

+ e^e'Bece^e'p='({fe(l'0)p(0l')p(l'0)}e|{c(10)d(0l')a(l'0)}.) 

+ e^e'Be;,e^e'p=^({6(l'0)p(0l')p(l'0)},|{c(l'0)<i(0l')a(l'0)}e) 

+ eAe'Beceoe'p^({b(l'0)p(0l')p(l'0)}e|{c(10)d(01)a(10)}e) 

+ eAeBe'ceDe'p^({6(10)p(0l')p(l'0)}s|{c(l'0)d(01)a(10)}e> 

+ eAeBecei,e'p'^({;)(10)p(0l')p(l'0)},|{c(10)d(0l')a(10)},> 

+ eAege'ceDep^ {{b{l'0)p(0l')p{l'0)}^Mc{l'0)d(0l)a{W)}^) 

+ eAeBeceoe'p'^<{b(10)p(0l')p(l'0)}e|{c(l'0)d(0l')a(10)}e) 

+ eAeBece'Dep^({6(l'0)p(0l')p(l'0)}e|{c(10)d(0l')a(10)}e> 

+ eAe'Be'ce'De^^{{6(l'0)p(0l')p(l'0)}e|{c(l'0)d(0l')a(10)},> (B.7) 
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{{DCBPP)^\{A)s)++ = eAeBeceDep^<{d(10)c(01)6(10)p(01)p(10)}e|{a(10)}e> 

+ e'^eBecei,ep'^({(i(10)c(01)6(10)p(01)p(10)},|{a(l'0)},> 

+ e^e'Beceoep''({d(10)c(01)fe(l'0)p(01)p(10)}e|{o(l'0)}e) 

+ e^eBe'ceDep^{{rf(10)c(0l')b(10)p(01)p(10)}e|{a(l'0)}e> 

+ e^eBecei,ep=^({<i(l'0)c(01)b(10)p(01)p(10)}e|{a(l'0)},> 

+ e^e'Becei,ep^({d(10)c(0l')&(l'0)p(01)p(10)},|{a(l'0)},> 

+ e^eBe'c,ei3ep"({d(l'0)c(0l')6(10)p(01)p(10)},|{a(l'0)}e) 

+ e^eBece'Dep^<{d(l'0)c(01)6(l'0)p(01)p(10)}e|{a(l'0)}e> 

+ e^e'Be'ce'oep=^({d(l'0)c(0l')Kl'0)p(01)p(10)},|{a(l'0)}e) 

+ eAe'Becei,ep^({d(10)c(01)6(l'0)p(01)p(10)}e|{a(10)}e> 

+ eAeBecei5ep^({d(10)c(0l')b(10)p(01)p(10)}e|{a(10)}e) 

+ eAeBecei,ep^<{d(l'0)c(01)6(10)p(01)p(10)}e|{a(10)}e> 

+ eAe'se'ceDep^{{d(10)c(0l')b{l'0)p{ai)p{10)}^\{a{W)},) 

+ eAeBe'cej^ep" {{d(l'0)c(0l')b(W)p{01)p{10)}e\{a(10)}^) 

+ eAe'Becei,ep^{{d(l'0)c(01)6(l'0)p(01)p(10)}e|{a(10)}e) 

+ e^e'Be;,e:oep"({<i(l'0)c(0l')6(l'0)p(01)p(10)}e|{a(10)}e> 

+ eAeBecei,e'p^({d(10)c(01)b(10)p(0l')p(l'0)},|{a(10)}e> 

+ e^eBeceoe'p''({d(10)c(01)6(10)p(0l')p(l'0)}e|{o(l'0)}e) 

+ e^e'BeceDe'p^{{rf(10)c(01)6(l'0)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e^eBecei,e'p'^({d(10)c(0l')6(10)p(0l')p(l'0)},|{a(l'0)}e> 

+ e^eBecei,e'p"({d(l'0)c(01)6(10)p(0l')p(l'0)},|{a(l'0)}e> 

+ e'^e'se'ceocp" {{d{10)c{0l')b{l'0)p{0l')p{l'0)}e\{ail'0)}e) 

+ e^eBe'ce'oe'p^{{d(l'0)c(0l')6(10)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e^e'Bece^e'p=^({d(l'0)c(01)6(l'0)p(0l')p(l'0)}.|{a(l'0)}.) 

+ e^e'Be;,e^e'p=^({d(l'0)c(Ol')b(l'0)p(Ol')p(l'0)},|{a(l'0)}e) 

+ eAe'Beceoe'p''({d(10)c(01)6(l'0)p(0l')p(l'0)}e|{a(10)}e) 

+ eAeBe'ceDe'p^({d(10)c(0l')6(10)p(0l')p(l'0)}e|{a(10)}e> 

+ eAeBecei,e'p'^({d(l'0)c(01)b(10)p(0l')p(l'0)},|{a(10)},> 

+ eAe'Becei5e'p^({d(10)c(0l')6(l'0)p(0l')p(l'0)},|{a(10)},> 

+ eAeBeceoe'p'^({d(l'0)c(0l')6(10)p(0l')p(l'0)}e|{a(10)}e) 

+ eAeBece'Dep^({d(l'0)c(01)6(l'0)p(0l')p(l'0)}e|{a(10)}e> 

+ eAe'Be'ce'De^^{{d(l'0)c(0l')6(l'0)p(0l')p(l'0)},|{a(10)},) (B.8) 
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({CDBPP)e\(A)^)++ = eAeBeceDep^({c(l'2)d(2l')6(10)p(01)p(10)}e|{o(10)}e> 

+ e'^eBecei,ep^({c(l'2)d(2l')fc(10)p(01)p(10)},|{a(l'0)}.> 

+ e^e'Beceoep^<{c(l'2)d(2l')6(l'0)p(01)j)(10)}e|{a(l'0)}e> 

+ e^eBe'ceDep^({c(12)d(2l')6(10)p(01)p(10)}^|{a(l'0)}e> 

+ e'^eBeceoep^<{c(l'2)d(21)b(10)p(01)p(10)}e|{a(l'0)}e> 

+ e^e^e;.ei,ep=^({c(12)d(2l')b(l'0)p(01)p(10)},|{a(l'0)}e) 

+ e^eBe;^e^ep^({c(12)d(21)6(10)p(01)p(10)}e|{a(l'0)},) 

+ e:4e'Bece'Dep^<{c(l'2)c((21)6(l'0)p(01)p(10)}e|{a(l'0)}e> 

+ e^e'Be'ce'Dep^{c(12)d(21)6(l'0)p(01)p(10)}e|{a(l'0)},> 

+ eAe'BeceDep'^({c(l'2)d(2l')fc(l'0)p(01)p(10)},|{a(10)}e> 

+ eAeBe'ceDep'^({c(12)d(2l')&(10)p(01)p(10)}e|{o(10)}e> 

+ eAeBece'oep^{{c(l'2)d(21)6(10)p(01)p(10)}e|{a(10)}e) 

+ eAp4ecei,ep=^({c(12)(i(2l')6(l'0)p(01)p(10)},|{a(10)},) 

+ eAeBece^ep''({c(12)d(21)6(10)p(01)p(10)}e|{a(10)}e) 

+ eAe'Bece'Dep^{{c(l'2)d(21)b(l'0)p(01)p(10)}e|{a(10)}e) 

+ eAe'Be'ce^ep^({c(12)rf(21)6(l'0)p(01)p(10)},|{o(10)}e> 

+ eAeBecei,e'p''({c(l'2)d(2l')fc(10)p(0l')p(l'0)},|{a(10)}e> 

+ eAeBeceoe'p''({c(l'2)d(2l')6(10)p(0l')p(l'0)}e|{a(l'0)}e) 

+ eAe'BeceDe'p^({c(l'2)c((2l')6(l'0)p(0l')p(l'0)},|{a(l'0)},> 

+ eAeBe'ce£,e'p^({c(12)d(2l')b(10)p(0l')p(l'0)},|{a(l'0)}e> 

+ eAe-Bece^e'p"({c(l'2)d(21)6(10)p(0l')p(l'0)},|{a(l'0)},) 

+ e^e'Be^eoe'p^{c(12)d(2l')b(l'0)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e:4eBe'cei,e'p^({c(12)d(21)6(10)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e'^e^ece^e'p=^({c(l'2)d(21)b(l'0)p(0l')p(l'0)}e|{a(l'0)},> 

+ e'AeBeceDe'p^({c(12)d(21)6(l'0)p(0l')p(l'0)},|{a(l'0)}.) 

+ eAe'Bece£,e'p''({c(l'2)d(2l')6(l'0)p(0l')p(l'0)}e|{a(10)}e) 

+ eAeBe'ceDe'p^<{c(12)d(2l')6(10)p(0l')p(l'0)}e|{a(10)}e> 

+ eAeBecei,e'p'^({c(l'2)d(21)b(10)p(0l')p(l'0)}e|{a(10)}e> 

+ eAe'Be;,ei,e'p''({c(12)d(2l')6(l'0)p(0l')p(l'0)}e|{a(10)}e) 

+ eAeBeceoe'p''({c(12)d(21)6(10)p(0l')p(l'0)}e|{a(10)}e) 

+ eAe'Bece'Dep^{{c(l'2)c((21)6(l'0)p(0l')p(l'0)}s|{a(10)},> 

+ eAe'Be'ce'De^ = {{c(12)d(21)6(l'0)p(0l')p(l'0)}e|{a(10)}e> (B.9) 
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{{DCB)s\{APP)^)++ = eAeBeceDep^{{d(10)c(01)6(10)}e|{a(10)p(01)p(10)}e> 

+ e4eBecei,ep=^({(i(10)c(01)6(10)}.|{a(l'0)p(01)p(10)},> 

+ e^e'Beceoep''({c!(10)c(01)fe(l'0)}e|{a(l'0)p(01)p(10)}£) 

+ e^eBe'ceDep^({d(10)c(0l')6(10)}e|{a(l'0)p(01)p(10)}e> 

+ e'^eBece'„ep^{{d{l'0)c(01)b{10)},\{a{l'0)p{01)p{10)},) 

+ e'^e'se'ceDep^ {{d(10)c(0l')b{l'a)},\{a(l'0)p{01)p{W)},) 

+ e^eBe^e^ep='({d(l'0)c(0l')h(10)}el{a(l'0)p(01)p(10)},) 

+ e^e'Bece'Dep^{{d(l'0)c(01)6(l'0)}e|{a(l'0)p(01)p(10)}e> 

+ e^e'Be'ce'oep='({d(l'0)c(0l')Kl'0)}.|{a(l'0)p(01)p(10)}e) 

+ eAeBeceDep^({d(10)c(01)6(l'0)},|{a(10)p(01)p(10)}e> 

+ eAeBe'ceDep^<{ci(10)c(0l')&(10)}e|{a(10)p(01)p(10)}e> 

+ eAeBece'Dep^{{d(l'0)c(01)6(10)}e|{a(10)p(01)p(10)}e> 

+ eAe'se'ceDep^{{d(10)c(0l')b(l'0)}^\{a(W)p{ai)p{W)}^) 

+ eAeBe'ce'j^ep'' {{dil'0)c(0l')b(10)},\{a(10)p(01)p{10)}e) 

+ eAe'Bece'Dep^{{rf(l'0)c(01)6(l'0)}s|{a(10)p(01)p(10)}e> 

+ eAe'Be'ce'^ep'^{{dil'0)c{0l')b{l'0)},\{a(10)p(01)p{10)},) 

+ eyieBecei,e'p^({d(10)c(01)6(10)},|{a(10)p(0l')p(l'0)},) 

+ e^eBeceoe'p^({d(10)c(01)6(10)}e|{a(l'0)p(0l')p(l'0)}e) 

+ e^e'BeceDe'p^{{d(10)c(01)6(l'0)}e|{a(l'0)p(0l')p(l'0)}e> 

+ e^eBecei,e'p^({d(10)c(0l')fe(10)},|{a(l'0)p(0l')p(l'0)}e> 

+ e^eBeceBe'p^({d(l'0)c(01)6(10)},|{a(l'0)p(0l')p(l'0)},> 

+ e^e'Be;,eoe'p^({d(10)c(0l')b(l'0)}e|{a(l'0)p(0l')p(l'0)}e) 

+ e^eBe'ce'oe'p^({d(l'0)c(0l')6(10)},|{a(l'0)p(0l')p(l'0)}e> 

+ e^e'Bece^e'p'^({d(l'0)c(01)6(l'0)}^|{a(l'0)p(0l')p(l'0)}.> 

+ e^e'Be;,ei,e'p^({d(l'0)c(Ol')fc(l'0)}.|{a(l'0)p(Ol')p(l'0)}e> 

+ eAe'Beceoe'p^({d(10)c(01)6(l'0)}e|{a(10)p(0l')p(l'0)}e) 

+ eAeBe'ceDe'p^({d(10)c(0l')6(10)}e|{a(10)p(0l')p(l'0)}e> 

+ eAeBecei,e'p'^({d(l'0)c(01)6(10)},|{a(10)p(0l')p(l'0)}.> 

+ eAe'Becei5e'p^({d(10)c(0l')&(l'0)}e|{a(10)p(0l')p(l'0)},) 

+ eAeBeceoe'p''({d(l'0)c(0l')fe(10)}e|{a(10)p(0l')p(l'0)}e) 

+ eAe'Bece'Dep^({d(l'0)c(01)6(l'0)}s|{a(10)p(0l')p(l'0)}e> 

+ eAe'Be'ce'De^ = {{d(l'0)c(0l')6(l'0)}e|{a(10)p(0l')p(l'0)},> (B.IO) 
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({CDB)^\{APP)^)++ = eAeBeceDep^{{c{l'2)d(2l')b{W)}e\{a{W)p(01)p{W)}e) 
+ e'^eBece£,ep^({c(l'2)(i(2l')6(10)}.|{a(l'0)p(01)p(10)},) 
+ ej^egeceoep'^ {{c(l'2)d{2l')b{l'0)}e\{a{l'0)p(0l)p(W)}e) 
+ e^eBe'ceDep^({c(12)d(2l')6(10)}e|{a(l'0)p(01)p(10)}^> 
+ e>.Bece'oep=<{c(l'2)d(21)6(10)}e|{a(l'0)p(01)p(10)}e> 
+ e^e'BeceDep^({c(12)d(2l')6(l'0)},|{a(l'0)p(01)p(10)}e) 
+ e^eBe'ce'oep^({c(12)d(21)fe(10)}e|{a(l'0)p(01)p(10)}£) 
+ e^eBece'Dep^<{c(l'2)d(21)6(l'0)}e|{a(l'0)p(01)p(10)}e) 
+ e^eBe^e'oep^({c(12)<i(21);,(l'0)}.|{a(l'0)p(01)p(10)}e> 
+ eAeBeceDep^({c(l'2)d(2l')6(l'0)},|{a(10)p(01)p(10)},) 
+ eAeBe'ceDep^({c(12)ci(2l')6(10)}e|{a(10)p(01)p(10)}e) 
+ eAeBece'Dep = <{c(l'2)d(21)6(10)}e|{a(10)p(01)p(10)}s) 
+ eAe'Bece-D<-i'^{c(12)<i(2l')6(l'0)},|{a(10)p(01)p(10)},> 
+ eAeBe'ce'oep^({c(12)ci(21)f)(10)}e|{o(10)p(01)p(10)}e> 
+ eAeBece'Dep^({c(l'2)d(21)6(l'0)}e|{a(10)p(01)p(10)}^> 
+ eAei5e;je'oep = ({c(12)d(21)6(l'0)}j|{a(10)p(01)p(10)}e> 
+ eAeBeceDep^({c(l'2)<i(2l')b(10)},|{a(10)p(0l')p(l'0)}.> 
+ eAeBeceoep'^ {{c(l'2)d(2l')b(W)}e\{a(l'0)p(m')p(l'0)}e) 
+ e^eBeceDe^^({c(l'2)d(2l')b(l'0)}e|{a(l'0)p(0l')p(l'0)},) 
+ eAeBe'ceDep^({c(12)d(2l')6(10)}e|{a(l'0)p(0l')p(l'0)}e> 
+ e^eBece'j3e'p^({c(l'2)<i(21)6(10)},|{a(l'0)p(0l')p(l'0)},) 
+ eAe'Be'ceDep^{c(12)ci(2l')b(l'0)}e|{a(l'0)p(0l')p(l'0)}e) 
+ e^eBe'ce'De^^({c(12)d(21)6(10)}e|{a(l'0)p(0l')p(l'0)}e> 
+ e>'Bece^e'p"({c(l'2)<i(21)6(l'0)},|{a(l'0)p(0l')p(l'0)}e) 
+ e^e'Be^ei5e'p"({c(12)<i(21)6(l'0)},|{a(l'0)p(0l')p(l'0)},) 
+ eAe'BeceDep^({c(l'2)d(2l')b(l'0)}e|{a(10)p(0l')p(l'0)}e) 
+ eAeBe'ceDe;,^<{c(12)d(2l')6(10)}e|{a(10)p(0l')p(l'0)}e> 
+ eAeBecei,e'p^({c(l'2)d(21)6(10)}e|{a(10)p(0l')p(l'0)}c> 
+ eAe'Be'ceDe'p^({c(12)(i(2l')6(l'0)}e|{a(10)p(0l')p(l'0)}£> 
+ eAeBe'cre'oep^({c(12)d(21);)(10)}e|{o(10)p(0l')p(l'0)}e) 
+ eAeBece'Dei,^{{c(l'2)d(21)6(l'0)}e|{a(10)p(0l')p(l'0)}e> 
+ eAei,e'ce'De^^{{c(12)d(21)6(l'0)}e|{o(10)p(0l')p(l'0)}e> (B.ll) 
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+ e4eBecei,ep=^({(i(10)},|{c(10)6(01)a(l'0)p(01)p(10)},> 

+ e^e'Beceoep''({c!(10)}e|{c(10)6(0l')a(l'0)p(01)p(10)}£) 

+ e^eBe'ceDep^({d(10)}£|{c(l'0)6(01)a(l'0)p(01)p(10)}e> 

+ e'^CBece'^ep^ {{d{l'0)},\{c(10)b{01)a{l'0)p(01)p{10)},) 

+ e'^e'se'ceDep^ {{d(W)}e\{cil'0)b{0l')a(l'0)p{01)p{W)},) 

+ e^eBe^e^ep='({d(l'0)},|{c(l'0)6(01)a(l'0)p(01)p(10)},) 

+ e^e'Bece'Dep^{{d(l'0)},|{c(10)6(0l')a(l'0)p(01)p(10)}e> 

+ e^e'Be'ce'oep='({d(l'0)}.|{c(l'0)h(0l')a(l'0)p(01)p(10)}e) 

+ eAeBeceDep^({d(10)}e|{c(10)b(0l')a(10)p(01)p(10)}e> 

+ eAeBe'ceDep^{d(10)}e|{c(l'0)b(01)a(10)p(01)p(10)}e> 

+ eAeBece'Dep^<{d(l'0)}£|{c(10)6(01)a(10)p(01)p(10)}e> 

+ eAp4ecei,ep=^({(i(10)}.|{c(l'0)&(0l')a(10)p(01)p(10)},> 

+ eAeBe'ce'j^ep'' {{dil'0)},\{c{l'0)b(0l)a(10)p(01)p{10)}e) 

+ eAe'Bece'Dep^{{rf(l'0)}e|{c(10)6(0l')a(10)p(01)p(10)}e> 

+ e^e'Be'ce:oep"({d(l'0)},|{c(l'0)5(0l')a(10)p(01)p(10)}e> 

+ eyieBecei,e'p^({d(10)}.|{c(10)b(01)a(10)p(0l')p(l'0)},) 

+ e^eBeceoe'p^({d(10)}e|{c(10)6(01)a(l'0)p(0l')p(l'0)}e) 

+ e^e'BeceDe'p^{{d(10)},|{c(10)6(0l')a(l'0)p(0l')p(l'0)}e> 

+ e^eBecei,e'p^({d(10)},|{c(l'0)b(01)a(l'0)p(0l')p(l'0)}e> 

+ e^eBeceBe'p^({d(l'0)},|{c(10)b(01)a(l'0)p(0l')p(l'0)},> 

+ e^e'Be;,eoe'p''({d(10)}e|{c(l'0)b(0l')a(l'0)p(0l')p(l'0)}e) 

+ e^eBe'ce'oe'p^({d(l'0)},|{c(l'0)6(01)a(l'0)p(0l')p(l'0)}e> 

+ e^e'Bece^e'p'^({d(l'0)}.|{c(10)6(0l')a(l'0)p(0l')p(l'0)}.> 

+ e^e'Be;,ei,e'p^({d(l'0)},|{c(l'0)b(Ol')a(l'0)p(Ol')p(l'0)}e> 

+ eAe'Beceoe'p^({d(10)}e|{c(10)b(0l')a(10)p(0l')p(l'0)}e) 

+ eAeBe'ceDe'p^({d(10)},|{c(l'0)6(01)a(10)p(0l')p(l'0)}e> 

+ eAeBecei,e'p^({d(l'0)}e|{c(10)b(01)a(10)p(0l')p(l'0)}.> 

+ eAe'Becei5e'p^({d(10)}e|{c(l'0)b(0l')a(10)p(0l')p(l'0)},) 

+ eAeBeceoe'p'^({ci(l'0)}e|{c(l'0)6(01)a(10)p(0l')p(l'0)}e) 

+ eAe'Bece'Dep^({d(l'0)},|{c(10)6(0l')a(10)p(0l')p(l'0)}e> 

+ e^e'Be'ce'De^ = {{d(l'0)},|{c(l'0)6(0l')a(10)p(0l')p(l'0)},) (B.12) 
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{{DPP)^\{CBA)^)++ = eAeBeceDep^{{d(10)p(01)p(10)}e|{c(10)6(01)a(10)}e> 

+ e4eBecei,ep=^({(i(10)p(01)p(10)},|{c(10)6(01)a(l'0)},> 

+ e^e'Beceoep''({c!(10)p(01)p(10)}e|{c(10)&(0l')a(l'0)}£) 

+ e^eBe'ceDep^({d(10)p(01)p(10)}e|{c(l'0)6(01)a(l'0)}e> 

+ e'^CBece'^ep^ {{d{l'0)p{01)p{10)},\{c{10)b(01)a(l'0)},) 

+ e'^e'se'ceoep^ {{d{10)p{01)pil0)}e\{c{l'0)b{0l')a{l'0)},^ 

+ e^eBe^e^ep='({d(l'0)p(01)p(10)}e|{c(l'0)K01)a(l'0)},) 

+ e'^e'sece'aep^ {{d{l'0)p{01)p{10)}e\{c{10)b{0l')a{l'0)}e) 

+ e^e'Be'ce'oep='({d(l'0)p(01)p(10)}.|{c(l'0)6(0l')a(l'0)}e) 

+ eAeBeceDep^({d(10)p(01)p(10)}e|{c(10)&(0l')a(10)}e> 

+ eAeBe'ceDep^{d(10)p(01)p(10)}e|{c(l'0)6(01)a(10)}e> 

+ eAeBece'Dep^<{d(l'0)p(01)p(10)}e|{c(10)6(01)a(10)}e> 

+ eAe'se'ceDep^{{d(W)p{ai)p{W)}.,\{c{l'0)b(ai')a{W)}^) 

+ eAeBece^ep''({d(l'0)p(01)p(10)}e|{c(l'0)f)(01)o(10)}£) 

+ eAe'Bece'Dep^{{rf(l'0)p(01)p(10)}e|{c(10)6(0l')a(10)}e> 

+ eAe'Be'ce:oep"({d(l'0)p(01)p(10)}e|{c(l'0)6(0l')a(10)}e> 

+ eyieBecei,e'p^({d(10)p(0l')p(l'0)}.|{c(10)6(01)a(10)},) 

+ e^eBeceoe'p^({d(10)p(0l')p(l'0)}e|{c(10)b(01)a(l'0)}e) 

+ e^e'BeceDe'p^{{d(10)p(0l')p(l'0)},|{c(10)6(0l')a(l'0)}e> 

+ e^eBecei,e'p^({d(10)p(0l')p(l'0)}e|{c(l'0)6(01)a(l'0)}e> 

+ e^eBeceBe'p^({d(l'0)p(0l')p(l'0)},|{c(10)6(01)a(l'0)},> 

+ e^e'Be;,eoe'p^({d(10)p(0l')p(l'0)}e|{c(l'0)6(0l')a(l'0)}e) 

+ e^eBe'ce'oe'p^({d(l'0)p(0l')p(l'0)},|{c(l'0)6(01)a(l'0)}e> 

+ e^e'Bece^e'p'^({d(l'0)p(0l')p(l'0)}e|{c(10)6(0l')a(l'0)}.) 

+ e^e'Be;,ei,e'p"({d(l'O)p(0l')p(l'0)},|{c(l'O)6(Ol')a(l'O)}e> 

+ eAe'Beceoe'p^({d(10)p(0l')p(l'0)}e|{c(10)fe(0l')a(10)}e) 

+ eAeBe'ceDe'p^({d(10)p(0l')p(l'0)},|{c(l'0)6(01)a(10)}e> 

+ eAeBece'oe'p^ {{d(l'0)p{0l')p{l'0)}^\{c(10)b{01)a{10)}e) 

+ eAe'Becei5e'p^({d(10)p(0l')p(l'0)}e|{c(l'0)6(0l')a(10)},> 

+ eAeBeceoe'p''({d(l'0)p(0l')p(l'0)}e|{c(l'0)b(01)a(10)}e) 

+ eAe'Bece'Dep^({d(l'0)p(0l')p(l'0)}s|{c(10)6(0l')a(10)}e> 

+ eAe'Be'ce'De^ = {{d(l'0)p(0l')p(l'0)},|{c(l'0)6(0l')a(10)},) (B.13) 
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({DABPP)e\(C)e)++ = eAeBeceDep^{{d(10)a(01)6(10)p(01)p(10)}j|{c(10)}e> 

+ e'^e4ecei,ep=^({(i(10)a(0l')fc(l'0)p(01)p(10)}.|{c(10)},) 

+ e'j^e'ge'ceoep'^ {{d{W)a{0l')b{l'0)p{m)p{l0)}e\{c{l'0)}e) 

+ e^e'Bece'oep^{{d(l'0)a(0l')6(l'0)p(01)p(10)}e|{c(10)}e> 

+ e^e'Be'ce'Dep^<{d(l'0)a(Ol')b(l'0)p(01)p(10)}e|{c(l'0)}e> 

+ eAeBecei,ep'^({d(10)a(01)6(10)p(01)p(10)},|{c(l'0)}e> 

+ eAeBece^ep^({d(l'0)a(01)fc(10)p(01)p(10)}e|{c(10)}e) 

+ eAeBe'ce'oep^{{d(l'0)a(01)5(10)p(01)p(10)}j|{c(l'0)}e> 

+ eAeB<::f;<5De'p^({d(10)a(01)6(10)p(Ol')p(l'0)},|{c(10)},> 

+ e^e^ecei5e'p^({d(10)a(0l')fc(l'0)p(0l')p(l'0)},|{c(10)}.) 

+ e^e'Be^eDe'p^{c!(10)a(0l')fc(l'0)p(0l')p(l'0)}e|{c(l'0)}e) 

+ e:4e'Bece'De^^<{d(l'0)a(0l')6(l'0)p(0l')p(l'0)},|{c(10)},) 

+ eAe'Be'ce'Dep^({d(l'0)a(0l')fc(l'0)p(0l')p(l'0)},|{c(l'0)}e> 

+ eAeBe'ce£>e'p''({d(10)Q(01)6(10)p(0l')p(l'0)},|{c(l'0)}e> 

+ eAeBeceoe'p^({d(l'0)a(01)h(10)p(0l')p(l'0)}e|{c(10)}e) 

+ eAeBe'ce'De^^{{d(l'0)a(01)6(10)p(0l')p(l'0)}e|{c(l'0)}e> (B.14) 

{(DAB)e\{CPP)e)++ = eAeBeceBep^({<i(10)a(01)6(10)},|{c(10)p(01)p(10)},> 
+ eAe'Beceoep^{d(10)a(0l')6(l'0)}e|{c(10)p(01)p(10)}e) 
+ e^eBe'ceDep^<{d(10)a(0l')6(10)}e|{c(l'0)p(01)p(10)}e> 
+ e4<4<4e£,ep^({d(10)a(0l')fc(l'0)},|{c(l'0)p(01)p(10)}e) 
+ e;^e^ece^ep=^({d(l'0)a(0l')b(l'0)}.|{c(10)p(01)p(10)},> 
+ eAe'Beceoep'({d(l'0)a(0l')fc(l'0)},|{c(l'0)p(01)p(10)}e) 
+ eAeBe'ceDep^({d(10)a(01)6(10)}e|{c(l'0)p(01)p(10)},> 
+ eAeBece'oep^{d(l'0)a(01)fc(10)}e|{c(10)p(01)p(10)},> 
+ eABBe'cej^ep^ {{d(l'Q)a(ai)b(W)}^\{c(l'0)p(m)p(W)},) 
+ eAeBece£,e'p''({d(10)a(01)&(10)}s|{c(10)p(0l')p(l'0)}e) 
+ eAe'BeceDep^{{d(10)a(0l')6(l'0)}e|{c(10)p(0l')p(l'0)}e> 
+ eAe'Becer,e'p^{d(10)a(0l')b(l'0)}e|{c(l'0)p(0l')p(l'0)}e> 
+ e^e'Becel,e'p^{d(l'0)a(0l')6(l'0)}e|{c(10)p(0l')p(l'0)}e> 
+ e^e'BeceDe'p^{<i(l'0)a(0l')6(l'0)}e|{c(l'0)p(0l')p(l'0)}e> 
+ eAeBe'ceDe^^<{d(10)a(01)6(10)}e|{c(l'0)p(0l')p(l'0)}e> 
+ eAeBecei,e'p^({<i(l'0)a(01)h(10)},|{c(10)p(0l')p(l'0)}.> 
+ eAeBeceoep^{ci(l'0)a(01)fc(10)}e|{c(l'0)p(0l')p(l'0)}e> (B.15) 
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{{B),\{DCAPP),) + - = eyieBeceDep^{{6(10)}e|{d(10)c(01)a(10)p(01)p(10)}e) 

+ e;4eBeceDep^({&(10)},|{d(10)c(01)a(l'0)p(01)p(10)},> 

+ e;4e^eceDej=^<{&(l'0)}e|{d(10)c(01)a(l'0)p(01)p(10)}e) 

+ e'^eBe'cei5ep^({6(10)}j|{d(10)c(0l')a(l'0)p(01)p(10)}£> 

+ e;4ei5ece'oep^<{6(10)}e|{d(l'0)c(01)a(l'0)p(01)p(10)}e) 

+ e'^eBe'creDep^({b(l'0)},|{d(10)c(0l')a(l'0)p(01)p(10)}e) 

+ e'^eBe'c,e'oep"({b(10)}e|{d(l'0)c(0l')a(l'0)p(01)p(10)},) 

+ e'^e^ecei,ep^<{6(l'0)}e|{d(l'0)c(01)a(l'0)p(01)p(10)},) 

+ e'^e^e^e^ep^({fe(l'0)}.|{d(l'0)c(0l')a(l'0)p(01)p(10)}e) 

+ eAeBecei3ep^({b(l'0)}e|{<i(10)c(01)a(10)p(01)p(10)},) 

+ eAeBe'cer.ep^({b(10)}e|{<i(10)c(0l')a(10)p(01)p(10)}e> 

+ eABBece'Dep^ <{6(10)}5 |{c((l'0)c(01)a(10)p(01)p(10)}e> 

+ eAe'Bet,.eDep^({6(l'0)},|{d(10)c(0l')a(10)p(01)p(10)}.> 

+ eAeBe'c;e'oep^<{&(10)}e|{d(l'0)c(0l')a(10)p(01)p(10)}e) 

+ eAei5ecei,ep^({6(l'0)}s|{d(l'0)c(01)o(10)p(01)p(10)}s> 

+ eAe^e'c,e'oep^({b(l'0)}e|{d(l'0)c(0l')a(10)p(01)p(10)},) 

+ eAeBeceDe'p^({b(10)}e|{d(10)c(01)a(10)p(0l')p(l'0)}e) 

+ e'AeBeceDe'p^{{b(10)},\{d(10)ci01)a(l'0)pi0l')p(l'0)}e) 

+ e'Ae^ecei3ei,^({6(l'0)},|{d(10)c(01)a(l'0)p(0l')p(l'0)}e> 

+ e'^eBe'ceoep'' {{b(W)}^\{d{10)c(0l')a{l'a)p(0l')p{l'0)}^) 

+ e>Bece'oe'p^({b(10)}^|{d(l'0)c(01)a(l'0)p(0l')p(l'0)},> 

+ e;4e^e'c,eDe;,^({b(l'0)}e|{d(10)c(0l')a(l'0)p(0l')p(l'0)}e) 

+ e'AeBe'ce'De^^({6(10)},|{d(l'0)c(0l')a(l'0)p(0l')p(l'0)}e> 

+ e;4e'Bece'oe'p^({6(l'0)},|{d(l'0)c(01)a(l'0)p(0l')p(l'0)}.) 

+ e;4e'Be^e'oe'p"({6(l'0)}e|{d(l'0)c(0l')a(l'0)p(0l')p(l'0)},) 

+ eAeBeceDep^({b(l'0)}e|{d(10)c(01)a(10)p(0l')p(l'0)}e) 

+ eAeBe'ceDe^^({6(10)},|{c((10)c(0l')a(10)p(0l')p(l'0)},> 

+ eAeBece'oe'p^({b(10)}.|{d(l'0)c(01)a(10)p(0l')p(l'0)},> 

+ eAe'BeceDe'p^({6(l'0)},|{d(10)c(0l')a(10)p(0l')p(l'0)}e) 

+ eAeBe'<-,e'oep^({&(10)}e|{d(l'0)c(0l')a(10)p(0l')p(l'0)}e> 

+ BAe'Bece'oe'p^ {{6(l'0)}, |{d(l'0)c(01)a(10)p(0l')p(l'0)}e> 

+ eAe^e'ce^e^^{{6(l'0)},|{d(l'0)c(0l')a(10)p(0l')p(l'0)}e> (B.16) 
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({B)e\(CDAPP)e) + - = eAeBecer,ep^({b(10)}e|{c(l'2)d(2l')o(10)p(01)p(10)}e> 

+ e;.ieBeceDep^({6(10)}.|{c(l'2)d(2l')a(l'0)p(01)p(10)}e> 

+ e'j^e'seceDep^ {{b{l'0)}e\{c{l'2)d{2l')a{l'0)p{0l)p{W)}e) 

+ e^eBeceDep^({6(10)}e|{c(12)d(2l')a(l'0)p(01)p(10)}e> 

+ e'^eBecel,ep^<{6(10)}e|{c(l'2)d(21)a(l'0)p(01)p(10)}e> 

+ e'^e^e'ceDej>^({&(l'0)}e|{c(12)d(2l')a(l'0)p(01)p(10)},) 

+ e^eBe^el,ej,='({b(10)}e|{c(12)<i(21)a(l'0)p(01)p(10)},) 

+ e^e'Becei,ep^<{6(l'0)}e|{c(l'2)ci(21)a(l'0)p(01)p(10)},> 

+ e^e'Be;,ei,ep = ({6(l'0)},|{c(12)d(21)a(l'0)p(01)p(10)},> 

+ e^e'BeceDep^({6(l'0)},|{c(l'2)d(2l')a(10)p(01)p(10)}e) 

+ eyieBecei3ep^({&(10)}e|{c(12)d(2l')o(10)p(01)p(10)}e> 

+ eyieBecei,ep = ({b(10)}e|{c(l'2)d(21)a(10)p(01)p(10)}e) 

+ eAe'Be'ceDep^({6(l'0)},|{c(12)d(2l')a(10)p(01)p(10)},> 

+ e^eBecei,ep^({b(10)}e|{c(12)ci(21)a(10)p(01)p(10)}e) 

+ eyie'Becei,ep^({b(l'0)},|{c(l'2)d(21)a(10)p(01)p(10)}e) 

+ e^e'Be^el,ep = ({&(l'0)}e|{c(12)d(21)o(10)p(01)p(10)},> 

+ eAeBeceDep^({b(10)},|{c(l'2)d(2l')a(10)p(0l')p(l'0)},) 

+ e^eBece£,e;.^{b(10)}e|{c(l'2)d(2l')a(l'0)p(0l')p(l'0)}e) 

+ e^e'BeceDe'p^({6(l'0)},|{c(l'2)ci(2l')a(l'0)p(0l')p(l'0)}e> 

+ e'j^eBe'ceDe'p'^ {{b{W)}^\{c(l2)d{2l')a(l'0)p(0l')p{l'Q)}e) 

+ e'^eBece'oe;,^({b(10)},|{c(l'2)d(21)a(l'0)p(0l')p(l'0)},) 

+ e^ei3e^e£,e;.^{b(l'0)}e|{c(12)d(2l')a(l'0)p(0l')p(l'0)}e> 

+ e:4eBe;,e^e'p^({6(10)}e|{c(12)d(21)a(l'0)p(0l')p(l'0)},> 

+ e'^e^ece'De;,= ({b(l'0)},|{c(l'2)d(21)a(l'0)p(0l')p(l'0)}e) 

+ eAeBe'ce'Dep^({b(l'O)}e|{c(12)d(21)a(l'0)p(0l')p(l'O)}.) 

+ e^eBeceoep^({b(l'0)}e|{c(l'2)ci(2l')a(10)p(0l')p(l'0)}e> 

+ e^eBe;,eDe'p^({6(10)}e|{c(12)d(2l')a(10)p(0l')p(l'0)},> 

+ eAeBece'oe;,^({&(10)},|{c(l'2)d(21)a(10)p(0l')p(l'0)}e> 

+ eAeBe'ceDep^({b(l'0)},|{c(12)d(2l')a(10)p(0l')p(l'0)}e) 

+ eAeBe'ceoe'p'^{{b{W)}^\{c(l2)d{2l)a(W)p(0l')p(l'Q)}e) 

+ eyie'Becei,e'p^{{6(l'0)}s|{c(l'2)d(21)a(10)p(0l')p(l'0)}e> 

+ e^e'Be;,e^e'p^{{6(l'0)},|{c(12)d(21)a(10)p(0l')p(l'0)},> (B.17) 
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{{BPP)^\{DCA),) + - = eyieBeceDep^{{6(10)p(01)p(10)}5|{d(10)c(01)a(10)}e> 

+ e;4eBeceDep^({6(10)p(01)p(10)},|{d(10)c(01)a(l'0)}.> 

+ e;4e^eceDej=^<{b(l'0)p(01)p(10)}e|{ci(10)c(01)a(l'0)}e) 

+ e'^eBe'cei5ep^({6(10)p(01)p(10)}e|{d(10)c(0l')a(l'0)}£> 

+ e;4eBece'oep^<{6(10)p(01)p(10)},|{d(l'0)c(01)a(l'0)}e) 

+ e'^ese'ceDep"({6(l'0)p(01)p(10)},|{d(10)c(0l')a(l'0)}e) 

+ e'^eBe'c,e'oep"({b(10)p(01)p(10)}e|{d(l'0)c(0l')a(l'0)},) 

+ e'^e^ecei,ep^<{6(l'0)p(01)p(10)}e|{d(l'0)c(01)a(l'0)},) 

+ e'^e^e^e^ep^({b(l'0)p(01)p(10)},|{<i(l'0)c(0l')a(l'0)}e) 

+ eAeBecei3ep^({b(l'0)p(01)p(10)}e|{<i(10)c(01)a(10)},) 

+ eAeBe'cer.ep^({b(10)p(01)p(10)}e|{<i(10)c(0l')a(10)},) 

+ eABBece'Dep^ <{6(10)p(01)p(10)}s |{d(l'0)c(01)a(10)}e> 

+ eAe'Bet,.eDep^({6(l'0)p(01)p(10)},|{d(10)c(0l')a(10)}.> 

+ eAeBe'c;e'oep^<{&(10)p(01)p(10)}e|{d(l'0)c(0l')a(10)}e) 

+ eAei5ecei,ep=({6(l'0)p(01)p(10)}e|{d(l'0)c(01)a(10)}s> 

+ eAe^e'c,e'oep^({b(l'0)p(01)p(10)},|{d(l'0)c(0l')a(10)},) 

+ eAeBeceDe'p^({b(10)p(0l')p(l'0)},|{d(10)c(01)a(10)}.) 

+ eAeBeceDe;,^({b(10)p(0l')p(l'0)}e|{d(10)c(01)a(l'0)}e) 

+ e'Ae^ecei3ei,^({6(l'0)p(0l')p(l'0)},|{c((10)c(01)a(l'0)}e> 

+ e'AeBe'ceDe'p''{{b{10)p{Ol')p{l'0)}^\{d{l())c{Ol')a{l'o)}e) 

+ e>Bece'oe'p^({6(10)p(0l')p(l'0)},|{d(l'0)c(01)a(l'0)},> 

+ e;4e^e'c,eDe;,^({b(l'0)p(0l')p(l'0)}e|{d(10)c(0l')a(l'0)}e) 

+ e'AeBe'ce'De^^({6(10)p(0l')p(l'0)}e|{d(l'0)c(0l')a(l'0)}e> 

+ eAe'Bece'oe'p^({6(l'0)p(0l')p(l'0)}e|{d(l'0)c(01)a(l'0)},> 

+ e;4e'Be^e'oe'p"({6(l'0)p(0l')p(l'0)},|{d(l'0)c(0l')a(l'0)}e) 

+ eAeBeceDep^({b(l'0)p(0l')p(l'0)}e|{d(10)c(01)o(10)}e> 

+ eAeBe'ceDe^^({6(10)p(0l')p(l'0)}e|{d(10)c(0l')a(10)},> 

+ eAeBece'oe'p^({b(10)p(0l')p(l'0)},|{ci(l'0)c(01)a(10)},> 

+ eAe'BeceDe'p^({6(l'0)p(0l')p(l'0)}e|{d(10)c(0l')a(10)}e> 

+ eAeBe'ce'oep^({&(10)p(0l')p(l'0)}e|{d(l'0)c(0l')o(10)}e> 

+ eAe^ecei,ei,^{{6(l'0)p(0l')p(l'0)}s|{d(l'0)c(01)a(10)}e> 

+ eAe^e'ce^e^^{{6(l'0)p(0l')p(l'0)}e|{<i(l'0)c(0l')a(10)}e> (B.18) 
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{{BPP),\{CDA)s) + - = eAeBecer,ep^({b(10)p(01)p(10)}e|{c(l'2)d(2l')a(10)}e> 

+ e;.ieBeceDep^({6(10)p(01)p(10)}.|{c(l'2)d(2l')a(l'0)}e> 

+ e'^e'seceDep^{{b{l'0)p(01)p(10)}e\{cil'2)d{2l')a{l'0)}^) 

+ e^eBeceDep^({6(10)p(01)p(10)}£|{c(12)c((2l')a(l'0)}e> 

+ e'^eBecel,ep^<{6(10)p(01)p(10)}e|{c(l'2)d(21)a(l'0)}e> 

+ e'^eBe'ceDej,^({b(l'0)p(01)p(10)},|{c(12)d(2l')a(l'0)},) 

+ e^eBe^el,ej,='({b(10)p(01)p(10)}e|{c(12)d(21)a(l'0)},> 

+ e^e'Becei,ep^<{6(l'0)p(01)p(10)}e|{c(l'2)d(21)a(l'0)},> 

+ e^e'Be;,ei,ep = ({6(l'0)p(01)p(10)}.|{c(12)d(21)a(l'0)}.> 

+ e^e'BeceDep^({6(l'0)p(01)p(10)}e|{c(l'2)d(2l')a(10)},) 

+ eyieBecei3ep^({b(10)p(01)p(10)}e|{c(12)d(2l')a(10)}e) 

+ eyieBecei,ep = ({b(10)p(01)p(10)}s|{c(l'2)d(21)a(10)}e) 

+ eAe'Be'ceDep^({6(l'0)p(01)p(10)},|{c(12)d(2l')a(10)}.> 

+ e^eBecei,ep^({b(10)p(01)p(10)}E|{c(12)d(21)o(10)}e) 

+ eyie'Becei,ep^({6(l'0)p(01)p(10)},|{c(l'2)d(21)a(10)}e> 

+ e^e'Be^el,ep = ({&(l'0)p(01)p(10)}e|{c(12)d(21)a(10)}e> 

+ eAeBeceDep^({b(10)p(0l')p(l'0)}.|{c(l'2)<i(2l')a(10)},) 

+ e^eBece£,e;.^{b(10)p(0l')p(l'0)}e|{c(l'2)d(2l')o(l'0)}e) 

+ e^e'BeceDe'p^({6(l'0)p(0l')p(l'0)}e|{c(l'2)d(2l')a(l'0)}e> 

+ e;4eBecei,e;,^({6(10)p(0l')p(l'0)}e|{c(12)d(2l')a(l'0)}e> 

+ e'^eBece'oe;,^({&(10)p(0l')p(l'0)},|{c(l'2)<i(21)a(l'0)},) 

+ e^ei3e^e£,e;.^{b(l'0)p(0l')p(l'0)}e|{c(12)d(2l')a(l'0)}e> 

+ e:4eBe;,e^e'p^({6(10)p(0l')p(l'0)}e|{c(12)d(21)a(l'0)},> 

+ e'^e^ece'De;,= ({b(l'0)p(0l')p(l'0)},|{c(l'2)d(21)a(l'0)},) 

+ e^ei5e'ce'oe;p^({&(l'0)p(0l')p(l'0)}.|{c(12)<i(21)Q(l'0)}e> 

+ e^eBeceoep^({b(l'0)p(0l')p(l'0)}e|{c(l'2)d(2l')o(10)}e) 

+ e^eBe;,eDe'p^({6(10)p(0l')p(l'0)}e|{c(12)d(2l')a(10)},> 

+ eAeBece'oe'p^{{b{10)p(0l')p{l'0)}^\{c{l'2)d(21)a(10)}^) 

+ eAeBe'ceDep^({&(l'0)p(0l')p(l'0)},|{c(12)<i(2l')a(10)}e) 

+ eAeBecel,e;,^({b(10)p(0l')p(l'0)}e|{c(12)d(21)a(10)}e) 

+ eyie'Becei,e'p^{{6(l'0)p(0l')p(l'0)}e|{c(l'2)d(21)a(10)},> 

+ e^e'Be;,e^e'p^{{6(l'0)p(0l')p(l'0)}e|{c(12)d(21)a(10)},> (B.19) 
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{{DCBPP),\{A)s) + - = eAeBecer,ep^({d(l'2)c(2l')6(10)p(01)p(10)}e|{a(10)}e> 

+ e;.ieBeceDej,^({d(l'2)c(2l')f)(10)p(01)p(10)}.|{a(l'0)}e> 

+ e;4e^ece£,ej.^({d(l'2)c(2l')f>(l'0)p(01)p(10)}e|{a(l'0)}s) 

+ e^eBeceDep^({d(l'2)c(21)6(10)p(01)p(10)}e|{a(l'0)}e> 

+ e'^egece'^ep^ {{d{12)ci2l')b{10)p{01)p(10)},\M^'0)}e) 

+ e'^eBe'ceDej,^({d(l'2)c(21)h(l'n)p(01)p(10)}.|{a(l'0)},) 

+ e^eBe^el,ej,='({d(12)c(21)b(10)p(01)p(10)},|{a(l'0)},) 

+ e^e'Becei,ep^<{d(12)c(2l')6(l'0)p(01)p(10)}e|{a(l'0)},> 

+ e^e'Be;,ei,ep = ({d(12)c(21)b(l'0)p(01)p(10)},|{a(l'0)}.> 

+ e^e'BeceDep^({d(l'2)c(2l')f)(l'0)p(01)p(10)},|{a(10)},) 

+ eAeBe'ceoep^ {{d{l'2)c{21)b(10)p{01)pil0)}e\{a{10)}^) 

+ eyieBecei,ep = ({d(12)c(2l')5(10)p(01)p(10)}e|{a(10)}e) 

+ eAe'Be'ceDej,^({d(l'2)c(21)h(l'0)p(01)p(10)}.|{a(10)}.> 

+ e^eBecei,ep^({d(12)c(21)b(10)p(01)p(10)}e|{o(10)}e) 

+ eyie'Becei,ep^({d(12)c(2l')6(l'0)p(01)p(10)}e|{a(10)}e> 

+ e^e'Be^ei,ep = ({d(12)c(21)&(l'0)p(01)p(10)},|{a(10)}e> 

+ eAeBeceDe'j,^{{d{l'2)c{2l')h{10)p{0l')p{l'0)}^\{a{W)}^) 

+ e^eBecei:,e;,^({d(l'2)c(2l')b(10)p(0l')p(l'0)}e|{a(l'0)}e) 

+ e^e'BeceDe'p^({d(l'2)c(2l')6(l'0)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e^eBecei5e;,^({d(l'2)c(21)h(10)p(0l')p(l'0)},|{a(l'0)}e> 

+ e'^eBece'oe;,^({d(12)c(2l')Ml0)p(0l')p(l'0)},|{a(l'0)},) 

+ e^ei3e^e£,e^^{d(l'2)c(21)6(l'0)p(0l')p(l'0)}e|{a(l'0)}e> 

+ e:4eBe;,e^e'p^({d(12)c(21)6(10)p(0l')p(l'0)}e|{a(l'0)},> 

+ e'^e^ece'De;,= ({d(12)c(2l')6(l'0)p(0l')p(l'0)}e|{a(l'0)}e) 

+ e^ei5e'ce'oe:p^({d(12)c(21)6(l'0)p(0l')p(l'0)},|{a(l'0)}e> 

+ e^eBecei:>ep^{d(l'2)c(2l')fc(l'0)p(0l')p(l'0)}e|{o(10)}e) 

+ e^eBe;,eDe'p^({d(l'2)c(21)6(10)p(0l')p(l'0)},|{a(10)},> 

+ eAeBece'oep^({d(12)c(2l')fc(10)p(0l')p(l'0)}.|{a(10)}.) 

+ eAei5e'ceDe;,^({d(l'2)c(21)fc(l'0)p(0l')p(l'0)}e|{a(10)}e) 

+ eAeBe'ce'oe'p^ {{d{12)ci21)b{10)p{0l')p{l'0)}e\{aiW)}e) 

+ eyie'Becei,e'p^({d(12)c(2l')5(l'0)p(0l')p(l'0)}£|{a(10)},> 

+ e^e'Be;,e^e'p^{{d(12)c(21)6(l'0)p(0l')p(l'0)},|{a(10)},> (B.20) 
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{{CDBPP),\{A),y 



2 

= eABBeceDep 


({c 


(10)c((01)6(10)p(01)p(10)}e|{a(10)}e) 


+ eA'-BP-ceoep 


({c 


10)d(01)h(10)p(01)p(10)},|{a(l'0)},> 


+ e'Ae'geceDep^ 


({c 


10)d(01)6(l'0)p(01)p(10)}e|{a(l'0)}e) 


,11 2 

+ eABBBQenep 


({c 


l'0)d(01)6(10)p(01)p(10)}e|{a(l'0)},> 


+ e'j^eBBce'^ep^ 


({c 


10)d(0l')f>(10)p(01)p(10)}e|{a(l'0)}e) 


.III 2 


{{c 


l'0)<i(01)6(l'0)p(01)p(10)},|{a(l'0)}e) 




({c 


l'0)ci(0l')b(10)p(01)p(10)}e|{a(l'0)},) 


, / / / 2 


({c 


10)d(0l')6(l'0)p(01)p(10)},|{a(l'0)},) 


1 1 1 1 2 


({c 


l'0)<i(0l')6(l'0)p(01)p(10)}.|{a(l'0)}e) 




({c 


10)d(01)b(l'0)p(01)p(10)}.|{a(10)},) 




({c 


l'0)<i(01)6(10)p(01)p(10)},|{a(10)},) 


+ BAeBBce'jjep^ 


({c 


10)d(0l')6(10)p(01)p(10)}e|{a(10)}e> 


,11 2 


({c 


l'0)d(01)6(l'0)p(01)p(10)}.|{a(10)}.> 


+ eAese'j^e'oep^ 


({c 


l'0)c((0l')b(10)p(01)p(10)}e|{a(10)}e) 


, / / 2 

+ BAeBeceijep 


({c 


10)d(0l')6(l'0)p(01)p(10)}e|{a(10)}s> 


+ eAege'tje'oep^ 


({c 


l'0)d(0l')6(l'0)p(01)p(10)}e|{a(10)},) 


+ CAeBeceoep 


({c 


10)d(01)b(10)p(0l')p(l'0)}e|{a(10)}e> 


+ e^eseceoep 


({c 


10)<i(01)6(10)p(0l')p(l'0)}e|{a(l'0)}e) 


,11 12 


({c 


10)d(01)6(l'0)p(0l')p(l'0)},|{a(l'0)}e> 


, / / / 2 

+ e^eBe(;;;er>ep 


({c 


l'0)d(01);)(10)p(0l')p(l'0)}.|{a(l'0)}£> 






10)d(0l')Kl0)p(0l')p(l'0)},|{a(l'0)},> 


/ / / / 2 
~r ^A^B^C^^^P 


({c 


l'0)<i(01)f)(l'0)p(0l')p(l'0)}e|{a(l'0)}e) 


1 1112 
-f- Ga^S 6(76^:) Cp 


({c 


l'0)d(0l')6(10)p(0l')p(l'0)}el{a(l'0)}e> 


/ / 112 

~i~ ^A^B^C'^D^P 


({c 


10)d(0l')6(l'0)p(0l')p(l'0)},|{a(l'0)},> 


/ / / / / 2 

+ ^a'^b^c'^d'^p 




l'0)d(0l')6(l'0)p(0l')p(l'0)},|{a(l'0)}e) 


1 ' '2 

+ eAe^eceoCp 


({c 


10)d(01)6(l'0)p(0l')p(l'0)}e|{a(10)}e> 


1 1 1 2 
+ eAeBBQeoep 


({c 


l'0)d(01)6(10)p(0l')p(l'0)}s|{a(10)},> 


1 1 2 

+ eAEBece^ep 


({c 


10)d(0l')Kl0)p(0l')p(l'0)}e|{a(10)},> 


II 12 

+ CA'^B^C'^D'^p 




l'0)d(01)6(l'0)p(0l')p(l'0)},|{a(10)}e) 


, 1112 

+ eACBec'^D^p 


({c 


l'0)d(0l')fe(10)p(0l')p(l'0)}e|{a(10)}e> 


, 1 112 

+ eASBecej^ep 


({c 


10)d(0l')6(l'0)p(0l')p(l'0)}e|{a(10)}e> 


, 1 1 1 1 2 

~r ^A^B^C^D^P 


({c 


'l'0)d(0l')6(l'0)p(0l')p(l'0)}e|{a(10)}e> (B.21) 
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{(DCB)e|(APP)e> + - = eAeBecer,ep^({d(l'2)c(2l')6(10)}£|{a(10)p(01)p(10)}e> 

+ e;.ieBeceDej,^({d(l'2)c(2l')f)(10)},|{a(l'0)p(01)p(10)}e> 

+ e'^e'seceDep^{{d{l'2)c{2l')b{l'0)}e\{a{l'0)p{01)p(10)}^) 

+ e^eBeceDep^({d(l'2)c(21)6(10)}^|{a(l'0)p(01)p(10)}e> 

+ e'^eBece'oej,='({d(12)c(2l')6(10)},|{a(l'0)p(01)p(10)}e> 

+ e'^eBe'ceDej,^({d(l'2)c(21)b(l'0)},|{a(l'0)p(01)p(10)},) 

+ e^eBe^el,ej,='({d(12)c(21)b(10)}e|{a(l'0)p(01)p(10)},) 

+ e^e'Becei,ep^<{d(12)c(2l')6(l'0)}e|{a(l'0)p(01)p(10)},> 

+ e^e'Be;,ei,ep = ({d(12)c(21)b(l'0)}e|{a(l'0)p(01)p(10)},> 

+ e^e'BeceDep^({d(l'2)c(2l')f)(l'0)},|{a(10)p(01)p(10)}e) 

+ eyieBecei3ep^({<i(l'2)c(21)6(10)}e|{o(10)p(01)p(10)}e> 

+ eyieBecei,ep = ({d(12)c(2l')6(10)}e|{a(10)p(01)p(10)}e) 

+ eAe'Be'ceDep^({d(l'2)c(21)b(l'0)},|{a(10)p(01)p(10)},> 

+ e^eBecei,ep^({d(12)c(21)b(10)}e|{a(10)p(01)p(10)}e) 

+ eyie'Becei,ep^({d(12)c(2l')6(l'0)}e|{o(10)p(01)p(10)}e) 

+ e^e'Be^el,ep = ({d(12)c(21)&(l'0)},|{o(10)p(01)p(10)},> 

+ eAeBeceDe'j,^{{d{l'2)c{2l')h{W)}^\{a{W)p{0l')p(l'0)}^) 

+ e'AeBeceDe'p^{{d{l'2)ci2l')b{10)}^\{a{l'0)p{0l')p(l'0)}e) 

+ e^e'BeceDe'p^({d(l'2)c(2l')6(l'0)}e|{a(l'0)p(0l')p(l'0)}e> 

+ e^eBecei5e;,^({d(l'2)c(21)h(10)},|{a(l'0)p(0l')p(l'0)}e> 

+ e'^eBece'oe;,^({d(12)c(2l')fc(10)}.|{a(l'0)p(0l')p(l'0)},) 

+ e^ei3e^e£,e^^{d(l'2)c(21)6(l'0)}e|{a(l'0)p(0l')p(l'0)}e> 

+ e:4eBe;,e^e'p^({d(12)c(21)6(10)},|{a(l'0)p(0l')p(l'0)},> 

+ e'^e^ece'De;,= ({d(12)c(2l')6(l'0)}.|{a(l'0)p(0l')p(l'0)}e) 

+ e^ei5e'ce'oe:p^({d(12)c(21)6(l'0)}.|{a(l'0)p(0l')p(l'0)}.) 

+ e^eBecei:>ep^{d(l'2)c(2l')f)(l'0)}e|{a(10)p(0l')p(l'0)}e> 

+ e^eBe;,eDe'p^({d(l'2)c(21)6(10)},|{a(10)p(0l')p(l'0)},> 

+ eAeBece'oep^({d(12)c(2l')fc(10)},|{a(10)p(0l')p(l'0)}e> 

+ eAeBe'ceDep^({d(l'2)c(21)h(l'0)}e|{a(10)p(0l')p(l'0)}e) 

+ eAeBe'ce'oe'p^ {{d{12)c{21)b{10)}e\{a{10)pi0l')p{l'0)}e) 

+ eyie'Becei,e'p^({d(12)c(2l')6(l'0)}e|{a(10)p(0l')p(l'0)}e> 

+ e^e'Be;,e^e'p^{{d(12)c(21)6(l'0)},|{a(10)p(0l')p(l'0)},> (B.22) 
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{{CDB),\{APP),y 



2 

= eABBeceDep 


({c 


(10)c((01)6(10)}s|{a(10)p(01)p(10)}e> 


+ eA'-BP-ceoep 


({c 


10)d(01)fc(10)}.|{a(l'0)p(01)p(10)},> 


+ e'Ae'geceDep^ 


({c 


10)d(01)6(l'0)}e|{a(l'0)p(01)p(10)}e) 


,11 2 

+ eABBBQenep 


({c 


l'0)d(01)6(10)}e|{a(l'0)p(01)p(10)},> 


+ e'j^eBBce'^ep^ 


({c 


10)d(0l')6(10)}£|{a(l'0)p(01)p(10)}e) 


.III 2 


{{c 


l'0)<i(01)Kl'0)},|{a(l'0)p(01)p(10)}e) 




({c 


l'0)ci(0l')b(10)}e|{a(l'0)p(01)p(10)},) 


, / / / 2 


({c 


10)d(0l')6(l'0)}e|{a(l'0)p(01)p(10)},) 


1 1 1 1 2 


({c 


l'0)<i(0l')6(l'0)},|{a(l'0)p(01)p(10)}e) 




({c 


10)d(01)b(l'0)},|{a(10)p(01)p(10)},) 




({c 


l'0)<i(01)fa(10)},|{a(10)p(01)p(10)}e> 


+ BAeBBce'jjep^ 


({c 


10)d(0l')6(10)}e|{o(10)p(01)p(10)}e> 


,11 2 


({c 


l'0)d(01)6(l'0)},|{a(10)p(01)p(10)}.> 


+ eAese'j^e'oep^ 


({c 


l'0)c((0l')b(10)}el{a(10)p(01)p(10)}e) 


, / / 2 

+ BAeBeceijep 


({c 


10)d(0l')6(l'0)}£|{o(10)p(01)p(10)}s> 


+ eAege'tje'oep^ 


({c 


l'0)d(0l')6(l'0)}^|{a(10)p(01)p(10)},) 


+ CAeBeceoep 


({c 


10)d(01)b(10)},|{a(10)p(0l')p(l'0)}e) 


+ e^eseceoep 


({c 


10)<i(01)6(10)}e|{a(l'0)p(0l')p(l'0)}e) 


,11 12 


({c 


10)d(01)6(l'0)}e|{a(l'0)p(0l')p(l'0)}e> 


, / / / 2 

+ e^eBe(;;;er>ep 


({c 


l'0)d(01);)(10)},|{a(l'0)p(0l')p(l'0)}£> 






10)d(0l')Kl0)},|{a(l'0)p(0l')p(l'0)},> 


/ / / / 2 
~r ^A^B^C^^^P 


({c 


l'0)<i(01)6(l'0)}e|{a(l'0)p(0l')p(l'0)}e) 


1 1112 
-f- Ga^S 6(76^:) Cp 


({c 


l'0)d(0l')6(10)}el{a(l'0)p(0l')p(l'0)}e> 


/ / 112 

~i~ ^A^B^C'^D^P 


({c 


10)d(0l')6(l'0)},|{a(l'0)p(0l')p(l'0)}.) 


/ / / / / 2 

+ ^a'^b^c'^d'^p 




l'0)<i(0l')6(l'0)},|{a(l'0)p(0l')p(l'0)}£) 


1 ' '2 

+ eAe^eceoCp 


({c 


10)d(01)6(l'0)}e|{a(10)p(0l')p(l'0)}e) 


1 1 1 2 
+ eAeBBQeoep 


({c 


l'0)d(01)6(10)}e|{a(10)p(0l')p(l'0)},> 


1 1 2 

+ eAEBece^ep 


({c 


10)d(0l');)(10)},|{a(10)p(0l')p(l'0)},> 


II 12 

+ CA'^B^C'^D'^p 




l'0)<i(01)6(l'0)}e|{a(10)p(0l')p(l'0)}e) 


, 1112 

+ eACBec'^D^p 


({c 


l'0)d(0l')fe(10)}e|{a(10)p(0l')p(l'0)}e> 


, 1 112 

+ eASBecej^ep 


({c 


10)d(0l')6(l'0)}e|{a(10)p(0l')p(l'0)}e> 


, 1 1 1 1 2 

~r ^A^B^C^D^P 


({c 


'l'0)d(0l')6(l'0)}. |{a(10)p(0l')p(l'0)}e> (B.23) 
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+ e-A''Be.c<:D<:p' 



, / / / 2 

+ CAeBeceuep^ 
+ eAeBepecep^ 
+ eAEBece^ep^ 
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APPENDIX C: PUMP-PROBE LIMIT OF NL-WPI SIGNAL FOL- 
LOWING CONTROL PULSE 



Here we provide detailed expressions for the pump-probe limit to the non- 
Unear wave-packet interferometry signal from an energy transfer complex sub- 
jected to a pre-resonant control pulse (derived in Using Wave-Packet Interfer- 
ometry to Monitor the External Vibrational Control of Electronic Excitation 
Transfer, Section 4). The signal is composed of three components 

= + ef + ef ^ . (c.i) 



ef^^ = 8Re {{{C),\{DBAPP),)+- + {{CPP),\{DBA),)+-) (C.2) 
ef^^ = 8Re {{{B),\{CDAPP),)+- + {{BPP),\{CDA),)+-) (C.3) 
ef^ = 8Re {{{B),\{DCAPP),)+- + {{BPPU{DCA),)+-) (C.4) 

In the ground-state bleach terms, the A-B pulse acts twice to return amplitude 
to the ground electronic state. In the remaining terms, the C'-D pulse acts 
twice on a wave packet already prepared in an excited electronic state by the A- 
B pulse (e <— 2 <— £ for excited-state absorption and e <— <— e for stimulated 
emission). 

In the GSB terms the contributing amplitudes are in the electronic-ground 
state during the inter-pulse delay tcA- Since we ignore energy transfer on the 
short timescale of interaction with the pulse, these contributions axe therefore 
insensitive to EET (i.e. they do not change in going to the J ^ limit). In 
the SE and ESA terms, however, both the bra and ket evolve in the one-exciton 
manifold during tcA- Accounting for the possibility of energy transfer during 
this interval, these terms therefore contain four times as many contributions as 
the GSB terms. 



67 
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+ e'^e'^ecene'p^{{c{W)},\{cilO)aiOl')a{l'0)p{ai')p{l'())}.) 

+ e^e'Be;.e^e'p"({c(l'0)}e|{c(l'0)a(0l')a(l'0)p(0l')p(l'0)}e) 

+ eAeBe'ce'oe'p'^{{c(l'0)}e\{c{l'0)a{01)a{10)p{0l')pil'0)}e) (C.5) 

{{CPP)e\{DBA)e)+- = eAeBeceDep^{{c(10)p(01)p(10)}e|{c(10)a(01)a(10)}e> 
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+ e'^e'se'ce'oep\{c{l'0)pi01)p(10)},\{c(l'0)a(0l')a{l'0)},) 

+ eAeBeceoep^({c(l'0)p(01)p(10)}e|{c(l'0)o(01)a(10)}e> 

+ eAeBeceDe'p^({c(10)p(0l')p(l'0)}e|{c(10)a(01)a(10)}e> 

+ e^e'Becei,e'p'^({c(10)p(0l')p(l'0)},|{c(10)a(0l')a(l'0)}e> 
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69 



{{BPP)^\{CDA)^) + - = eAeBeceDep^({a(10)p(01)p(10)}e|{c(l'2)c(2l')a(10)}j> 

+ e^eBece£,ep^({a(10)p(01)p(10)},|{c(l'2)c(2l')a(l'0)},> 

+ e^e'BeceDep^({a(l'0)p(01)p(10)}e|{c(l'2)c(2l')a(l'0)}e) 

+ e^eBe'ceDep^({a(10)p(01)p(10)}e|{c(12)c(2l')a(l'0)}e> 

+ <4eBece'oep=<{a(10)p(01)p(10)}e|{c(l'2)c(21)a(l'0)}e> 

+ e^e^e;,eDep^({a(l'0)p(01)p(10)},|{c(12)c(2l')a(l'0)}^) 

+ e^eBe;^e'oep"({a(10)p(01)p(10)}e|{c(12)c(21)a(l'0)}e) 

+ e:4e'Bece'Dep^({a(l'0)p(01)p(10)},|{c(l'2)c(21)a(l'0)}e> 

+ e^e'Be'ce'Dep"({a(l'0)p(01)p(10)}.|{c(12)c(21)a(l'0)},) 

+ eAe'BeceDep^({a(l'0)p(01)p(10)}e|{c(l'2)c(2l')a(10)},> 

+ eAeBe'ceDep^({a(10)p(01)p(10)}e|{c(12)c(2l')a(10)}e) 

+ eAeBece'Dep^<{a(10)p(01)p(10)}5|{c(l'2)c(21)a(10)}5> 

+ eAe'Bece£,ep^({a(l'0)p(01)p(10)},|{c(12)c(2l')a(10)},) 

+ eAeBece'oep^({a(10)p(01)p(10)}e|{c(12)c(21)a(10)}e) 

+ eAe'Bece'Dep^({a(l'0)p(01)p(10)},|{c(l'2)c(21)a(10)},) 

+ eAe'Be'ce'oep = ({a(l'0)p(01)p(10)}e|{c(12)c(21)a(10)},> 

+ eAeBeceDe'p^({a(10)p(0l')p(l'0)}.|{c(l'2)c(2l')a(10)}e) 

+ eAeBeceDe'p^({a(10)p(0l')p(l'0)}e|{c(l'2)c(2l')a(l'0)}E) 

+ e^e'BeceDe'p^({a(l'0)p(0l')p(l'0)}e|{c(l'2)c(2l')o(l'0)},> 

+ e^eBe'c.eDe'p^({a(10)p(0l')p(l'0)}e|{c(12)c(2l')a(l'0)}e> 

+ e^eBece'j3e'p^({a(10)p(0l')p(l'0)},|{c(l'2)c(21)a(l'0)},) 

+ e^e'Be;,eDe'p"({a(l'0)p(0l')p(l'0)}e|{c(12)c(2l')a(l'0)}e) 

+ e^eBe'ce'De'p^({a(10)p(0l')p(l'0)}e|{c(12)c(21)a(l'0)}e> 

+ e^eijece^e'p"({a(l'0)p(0l')p(l'0)},|{c(l'2)c(21)a(l'0)}e) 

+ eAeBeceBe'p'({a(l'0)p(0l')p(l'0)},|{c(12)c(21)a(l'0)},) 

+ eAe'BeceDe'p^({a(l'0)p(0l')p(l'0)}e|{c(l'2)c(2l')a(10)}e) 

+ eAeBe'ceDe'p^({a(10)p(0l')p(l'0)}e|{c(12)c(2l')a(10)}e> 

+ eAeBece'j3e'p^({a(10)p(0l')p(l'0)}.|{c(l'2)c(21)a(10)},> 

+ eAe'BeceDe'p^({a(l'0)p(0l')p(l'0)}.|{c(12)c(2l')a(10)}e) 

+ eAeBece'oe'p^({a(10)p(0l')p(l'0)}e|{c(12)c(21)a(10)}s> 

+ eAe'Bece'Dep^{{a(l'0)p(0l')p(l'0)}e|{c(l'2)c(21)a(10)}e> 

+ eAe'Be'ce'De^^{{a(l'0)p(0l')p(l'0)}e|{c(12)c(21)o(10)}e> (C.8) 



70 



{{B)^\{DCAPP)^) + - = eAeBeceDep^<{a(10)}e|{c(10)c(01)a(10)p(01)p(10)}e> 

+ eUeBeceDep^{{a(W)}^\{c(W)c{01)a{l'0)p(ai)p{10)}^) 

+ e^e'Beceoep'^<{a(l'0)}e|{c(10)c(01)a(l'0)p(01)p(10)}e) 

+ e^eBe;,eDep^({a(10)}£|{c(10)c(0l')a(l'0)p(01)p(10)}e> 

+ e'^eBeceBep^({a(10)}e|{c(l'0)c(01)a(l'0)p(01)p(10)}e) 

+ e^eBecei,ep^({a(l'o)},|{c(10)c(Ol')a(l'o)p(01)p(10)}e> 

+ e^eBe^ei3ep"({a(10)}e|{c(l'0)c(0l')a(l'0)p(01)p(10)}e> 

+ e^eBece'Dep^<{a(l'0)},|{c(l'0)c(01)a(l'0)p(01)p(10)}e> 

+ e^e'Be^e'oep=^({a(l'0)}.|{c(l'0)c(0l')a(l'0)p(01)p(10)}e> 

+ eAeBeceDep^({a(l'0)},|{c(10)c(01)a(10)p(01)p(10)}e> 

+ eAeBe'ceoep^ ({a(10)}e\{c{10)c{0l')a(10)pi0l)p(10)}e) 

+ eAeBece'Dep^{{a(10)}s|{c(l'0)c(01)a(10)p(01)p(10)}j> 

+ eAp4e'cei,ep=^({a(l'0)},|{c(10)c(0l')a(10)p(01)p(10)},> 

+ eAeBeceoep''({a(10)}e|{c(l'0)c(0l')a(10)p(01)p(10)}e) 

+ eAe'Bece'oep^{{a(l'0)}e|{c(l'0)c(01)a(10)p(01)p(10)}e> 

+ e^e'Be;,e:oep"({a(l'0)}e|{c(l'0)c(0l')o(10)p(01)p(10)}e) 

+ eAeBecei,e'p^({a(10)}e|{c(10)c(01)a(10)p(0l')p(l'0)}e> 

+ e'^eBeceoep^ {{a(10)},\{c{W)ci01)a{l'0)p(0l')pil'0)}e) 

+ eAeBeceDe'p^({a(l'0)},|{c(10)c(01)a(l'0)p(0l')p(l'0)},> 

+ eAeBeceDe'p^({a(10)}e|{c(10)c(Ol')a(l'o)p(Ol')p(l'o)}e> 

+ e'^eBecei,e'p='({a(10)},|{c(l'0)c(01)a(l'0)p(0l')p(l'0)}e> 

+ e^e'Be;.eoe'p''({a(l'0)}e|{c(10)c(0l')a(l'0)p(0l')p(l'0)}e) 

+ eAeBe;,e'oe'p^({a(10)},|{c(l'0)c(0l')a(l'0)p(0l')p(l'0)},> 

+ e^e^ece;Dep^{a(l'0)}.|{c(l'0)c(01)a(l'0)p(0l')p(l'0)}e> 

+ e^e:Be^ei,e:p"({Q(l'0)}.|{c(l'0)c(Ol')a(l'0)p(Ol')p(l'0)},) 

+ eAe'Beceoe'p''({a(l'0)}e|{c(10)c(01)a(10)p(0l')p(l'0)}e> 

+ eAeBe;,eDe'p^({a(10)},|{c(10)c(0l')a(10)p(0l')p(l'0)}e> 

+ eAeBecei,e'p'^({a(10)}e|{c(l'0)c(01)a(10)p(0l')p(l'0)}.> 

+ eAei3e;^.ei,e;,^({a(l'0)}e|{c(10)c(0l')a(10)p(0l')p(l'0)}e) 

+ eAeBeceoe'p''({a(10)}el{c(l'0)c(0l')a(10)p(0l')p(l'0)}e> 

+ eAeBece'De'p^{{a(l'0)}e|{c(l'0)c(01)a(10)p(0l')p(l'0)},) 

+ eAe'Be^e'De'p^{{a(l'0)},|{c(l'0)c(0l')a(10)p(0l')p(l'0)},> (C.9) 
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({BPP)^\{DCA)^) + - = eAeBecei3ep^{{a(10)p(01)p(10)}e|{c(10)c(01)a(10)}e) 

+ e>.Bece£,ep^({a(10)p(01)p(10)}.|{c(10)c(01)a(l'0)}.) 

+ e^e'BeceDep^({a(l'0)p(01)p(10)}e|{c(10)c(01)a(l'0)}e) 

+ e^eBe'ceDep^({a(10)p(01)p(10)}j|{c(10)c(0l')a(l'0)}e> 

+ e^eBece'oep"({a(10)p(01)p(10)}e|{c(l'0)c(01)a(l'0)}e) 

+ e^e'BeceDep^({a(l'0)p(01)p(10)},|{c(10)c(0l')a(l'0)},) 

+ e^eBe^e'oep"({a(10)p(01)p(10)},|{c(l'0)c(0l')a(l'0)},) 

+ e^eBece'Dep^{{a(l'0)p(01)p(10)},|{c(l'0)c(01)a(l'0)}e) 

+ e^ei,e'ce'Dep"({a(l'0)p(01)p(10)}.|{c(l'0)c(0l')a(l'0)}e) 

+ eAeBeceDep^({a(l'0)p(01)p(10)}e|{c(10)c(01)a(10)},) 

+ eAeBe'ceDep^({a(10)p(01)p(10)}e|{c(10)c(0l')a(10)}e) 

+ eAeBece'Dep^({a(10)p(01)p(10)}s|{c(l'0)c(01)a(10)}s) 

+ eAe'Bece£,ep^({a(l'0)p(01)p(10)},|{c(10)c(0l')a(10)},> 

+ eAeBe^eoep^ ({a(10)p(01)p(10)}e|{c(l'0)c(0l')o(10)}e) 

+ eAeBece'Dep^({a(l'0)p(01)p(10)}e|{c(l'0)c(01)a(10)}e) 

+ eAe^e'ce'oep"({a(l'0)p(01)p(10)},|{c(l'0)c(0l')o(10)}e> 

+ eAeBeceDe'p^({a(10)p(0l')p(l'0)},|{c(10)c(01)a(10)},> 

+ eAeBeceDe'p^({a(10)p(0l')p(l'0)}e|{c(10)c(01)o(l'0)}e) 

+ e^eBeceDe'p^{{a(l'0)p(0l')p(l'0)}e|{c(10)c(01)a(l'0)}e> 

+ eAeBeceDe'p^({a(10)p(0l')p(l'0)},|{c(10)c(0l')a(l'0)},> 

+ e^eBece'j3e'p^({a(10)p(0l')p(l'0)},|{c(l'0)c(01)a(l'0)},) 

+ e^e'BeceDe'p'({a(l'0)p(0l')p(l'0)}e|{c(10)c(0l')a(l'0)}e) 

+ e^eBe'ce'De'p^({a(10)p(0l')p(l'0)}e|{c(l'0)c(0l')a(l'0)},> 

+ e^e'Bece'oe'p^({a(l'0)p(0l')p(l'0)},|{c(l'0)c(01)a(l'0)}^> 

+ eAe'BeceDe'p"({a(l'0)p(0l')p(l'0)},|{c(l'0)c(0l')a(l'0)},) 

+ eAe'BeceDe'p^({a(l'0)p(0l')p(l'0)}e|{c(10)c(01)a(10)}e) 

+ eAeBe'ceDe'p^{{a(10)p(0l')p(l'0)}e|{c(10)c(0l')a(10)}e> 

+ eAeBece^e'p^({a(10)p(0l')p(l'0)},|{c(l'0)c(01)a(10)},> 

+ eAe'BeceDe'p^({a(l'0)p(0l')p(l'0)},|{c(10)c(0l')a(10)},> 

+ eAeBece'oe'p^({a(10)p(0l')p(l'0)}e|{c(l'0)c(0l')a(10)}e) 

+ eAeBece'Dep^{{a(l'0)p(0l')p(l'0)}e|{c(l'0)c(01)a(10)}e> 

+ eAei,e'ce'De^^{{a(l'0)p(0l')p(l'0)}e|{c(l'0)c(0l')a(10)},> (C.IO) 
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